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ON  THE  GEXUS  ANCISTRUMA  STRAND   (ANCISTRUM 

MAUPAS) 

I.     THE  STRUCTURE  AND  DIVISION  OF  A.  MYTILI  OUENN.  AND 

A.  ISSELI  KAHL 

GEORGE  W.  KIDDER 

COLLEGE  OF  THE  CITY  OF  NEW  YORK 

INTRODUCTION 

In  1867  Quennerstedt  described  a  small  ciliate  from  the  mantle 
cavity  of  Mytilus  under  the  name  of  0 pal i net  inytili.  Kent  (1882) 
placed  this  form  in  the  genus  Anoplophrya  and  retained  the  species 
name  given  by  Quennerstedt.  Maupas  (1883)  reclescribed  this  ciliate, 
calling  attention  to  the  presence  of  a  mouth,  which  had  been  overlooked 
by  Quennerstedt  and  Kent.  He  created  the  genus  Ancistrum  for  the 
type  species  of  Quennerstedt  and  described  a  second  species,  A.  veneris 
gallincc.  Strand  (1926).  in  reviewing  the  literature,  finds  the  name 
Aucistniin  preoccupied  and  therefore  invalid.  He  proposes  the  name 
Ancistnuna  to  replace  the  commonly  employed  one  of  Ancistrum. 

It  is  the  purpose  of  this  paper  to  report  some  observations  on  two 
species  of  the  genus  Ancistnuna,  namely,  A.  inytili  Quennerstedt  and 
A.  isscli  Kahl. 

In  his  excellent  monograph  on  the  Ancistridse  of  the  Gulf  of  Naples, 
Issel  (1903)  describes  in  detail  an  Ancistrum  from  the  solitary  mussel 
Modiola  barbata.  Although  his  findings  were  not  entirely  in  accord 
with  previous  descriptions  he  believed  this  form  fo  be  identical  to  A. 
invtili  and  placed  it  in'that  species.  Kahl  (1931),  however,  called  this 
form  Ancistnuna  isscli.  I  am  entirely  in  agreement  with  Kahl  on  this 
point,  as  will  be  brought  out  in  the  following  pages. 

This  investigation  was  carried  on  at  the  Marine  Biological  Labora- 
tory at  Woods  Hole,  Massachusetts,  and  the  Zoological  Laboratories  of 
Columbia  University  in  New  York  City.  I  am  indebted  to  the  faculty 
of  Columbia  University  for  their  generosity  in  providing  me  with  re- 
search facilities.  I  am  especially  indebted  to  Professor  Gary  N.  Calkins 
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for  kindly  advice  and  criticisms  and  to  Ruth  R.  Kidder  for  technical 
assistance. 

MATERIAL 

Ancistnuna  inytili  is  found  in  great  numbers  in  the  mantle  cavity  of 
the  salt  water  mussel  MytUits  cditlis.  These  mussels  were  collected 
from  the  pilings  of  the  wharf  at  the  Bureau  of  Fisheries  at  Woods  Hole 
and  from  the  rock  breakwaters  at  Brighton  Beach,  Manhattan  Beach, 
and  Port  Washington,  Long  Island.  A.  isscii  is  equally  abundant  in  the 
mantle  cavity  of  the  solitarv  mussel  Modiola  inoiiiolns.  This  mussel 
may  be  found  half  buried  in  the  muddy  flats  at  low  tide.  The  Modiola 
used  in  this  \vork  were  collected  just  north  of  the  Coast  Guard  station  at 
Woods  Hole.  Additional  mussels  of  both  genera  were  taken  from  Pel- 
ham  Bay  in  New  York  City. 

TECHNIQUE 

The  mussels  were  brought  into  the  laboratory  and  placed  in  large 
aquaria  supplied  with  running  sea  water  (Woods  Hole)  or  a  jet  of  air 
(Xew  York).  In  this  situation  the  ciliates  remained  alive  and  in  good 
condition  for  months.  Ancisfntina  proving  to  be  much  less  sensitive  to 
environmental  change-  than  Conchophthirius  ntylili  (Kidder,  1932). 
The  ciliates  were  obtained  for  examination  by  opening  the  valves  of  the 
mussel  and  washing  the  contents  of  the  mantle  cavity  into  a  Syracuse 
watch-glass.  Under  the  dissecting  microscope  individuals  were  then 
selected  and  with  a  fine  pipette  placed  on  coverglasses  for  examination 
and  fixation. 

The  fixative^  and  stains  employed  were:  Schaudinn's,  sublimate- 
acetic,  Bouin's,  Xenker's  and  Champy's  fluids  followed  by  Heidenhain's 
and  Delalield's  haematoxylins,  the  Borrel  stain,  and  the  Feulgen  nuclear 
reaction.  (The  formula-  and  methods  for  both  the  Borrel  stain  and  the 
Feulgen  reaction  may  be  found  in  Calkins,  1930.) 

The  "  silver  line  system  "  was  studied  by  the  silver  nitrate  impregna- 
tion method  of  Klein  (1926a.  \926b,  1927)  and  also  by  a  few  modifica- 
tions of  it.  The  most  useful  modification  was  to  kill  the  ciliate  in  osmic 
acid  fumes  (10  to  20  seconds).  Before  the  organism  became  dry  a 
drop  of  distilled  water  was  added.  This  was  drawn  off  with  a  fine  pi- 
pette, and  the  process  repeated  a  number  of  times.  Thus  the  sea  salts 
were  removed  and  the  formation  of  a  heavv  precipitate,  upon  addition 
of  the  silver  nitrate,  prevented.  A  2  per  cent  solution  of  silver  nitrate 
was  added  and  the  preparation  exposed  to  the  light.  The  time  of  im- 
pregnation varied  with  the  length  of  time  the  organism  was  exposed  to 
osmic  fumes.  By  watching  tin-  process  under  the  dissecting  microscope 


STRUCTURE  AND  DIVISION  OF  ANCISTRUMA  STRAND 

the  reaction  was  halted  when  the  dilates  had  reached  the  desired  dark- 
ness. The  impregnation  usually  took  from  one  to  three  hours.  The 
advantage  of  killing  in  osmic  vapor  is  that  the  shape  of  the  ciliate  is  re- 
tained with  very  little  of  the  distortion  that  occurs  by  simply  drying. 


FIG.  1.     Ancistntma  mytili.     Camera  lucida  drawings.     X  1000. 

A.  Ventral  view.     Schaudinn's :  Heidenhain's  haematoxylin. 

B.  Dorsal  view.     Mouth  is  seen  to  be  slightly  dorsal  near  the  posterior  end. 
Zenker's :  Mallory  triple  stain. 

C.  Lateral  view  of  the  right  side.     At  the  anterior  end  may  be  seen  the  tuft 
of  straight  tactile  cilia.     Sublimate-acetic :  Heidenhain's  hsematoxylin. 

For  the  detailed  structure  of  the  ciliary  insertions  individuals  were 
fixed  in  Zenker's  and  Champy's  fluids  and  sectioned.  These  sections 
were  then  stained  with  Heidenhain's  hsematoxylin  or  crystal  violet- 
sulph-alizarinate  (Benda's  alizarin  method,  Lee's  Microtomist's  Vade- 
Mecum,  9th  ed,  p.  335). 
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GENERAL  FEATURES  OF  AXCISTRUMA  MYTILI 

The  following  terms  of  orientation  will  be  used  in  dealing  with  the 
members  of  the  genus  Ancistruma.  The  end  directed  forward  in  nor- 
mal swimming  will  be  called  anterior.  The  concave  surface  always  in 
contact  with  the  substrate  will  be  called  ventral.  (For  a  discussion  of 
this  question,  see  Kidder.  1932.) 

The  swimming  movements  of  A.  inytili  are  very  characteristic.  In 
the  Syracuse  disli  the  ciliates  continuously  leave  the  bottom  of  the  dish 
and  come  to  the  surface  film,  then  immediately  return.  During  these 
flights  they  revolve  rapidly  on  a  diagonal  axis,  and  have  the  appearance 
of  moving  in  a  series  of  jerky  somersaults.  They  exhibit  ceaseless  ac- 
tivity and  x-ldoin  remain  at  rest  for  more  than  a  short  period  of  time. 

She  and  Shape 

Ancistruma  invtili  averages  67 /A  (52/u— 74  p~)  in  length  and  31  /< 
(20/x-38/x)  in  width.  These  measurements  were  made  on  fifty  living 
specimens.  Fixed  material  gives  measurements  of  a  considerably  lower 
value.  The  organism  is  nearly  oval  in  shape  when  viewed  from  the 
dorsal  or  ventral  surfaces  (Fig.  1,  A  and  />).  The  left  margin  is 
>lightly  more  coin-ex  than  tin-  ri^ht.  In  lateral  view  the  ciliate  is  seen 
to  be  elliptical  and  bent  into  an  arc.  the  ventral  surface  being  deeply  con- 
cave and  the  dorsal  surface  convex  (Fig.  1,  C}.  The  extreme  dorso- 
ventral  flattening  has  been  accurately  described  and  figured  by  Maupas 
(1883)  and  De  Morgan  (1925). 

The  peristonial  groove  starts  on  the  extreme  right  margin  near  the 
anterior  end  and  extends  to  the  posterior  end  of  the  organism.  It  is 
narrow  and  pointed  anteriorly  and  widens  gradually  toward  the  posterior 
end.  It  terminates  in  the  wide  month  situated  in  a  slightly  dorsal  posi- 
tion. The  dorsal  edge  of  the  peristome  swings  down  in  an  even  arc 
about  the  mouth.  The  ventral  edge,  however,  curves  sharply  to  the  left 
in  an  inverted  arc,  forming  a  pointed  flap  just  under  the  mouth.  This 
flap  and  the  slightly  dorsal  position  of  the  oral  aperture  make  it  exceed- 
ingly difficult  to  study  from  the  ventral  surface.  The  floor  of  the  peri- 
stomal  groove  is  thrown  into  a  fold  which  has  the  appearance  of  a  tongue 
and  reminds  one  of  the  shelf  in  the  peristome  of  Conchophthirius  inytili 
(Kiclder,  1932).  This  tongue  extends  to  the  oral  aperture,  becoming 
more  protruding  toward  the  posterior  end  (Fig.  1,  B). 

The  body  of  the  ciliate  is  covered  with  a  thick  elastic  pellicle.  Xo 
contractility  is  exhibited,  but  the  whole  organism  may  be  bent  by  me- 
chanical fon  • 
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Peripheral  Cilia 

The  peripheral  cilia  originate  from  rather  large  basal  bodies  ar- 
ranged in  longitudinal  rows.  These  rows  begin  at  the  anterior  field 
slightly  back  of  the  anterior  extremity  on  the  ventral  surface.  They 
pass  backward  and  around  the  posterior  end,  returning  on  the  dorsal 
surface  and  around  the  anterior  end  to  the  anterior  field.  The  rows  on 
the  ventral  surface  are  more  numerous  and  much  closer  together  than 
those  on  the  dorsal.  In  sectioned  material  this  relationship  is  clearly 
brought  out  (Fig.  2).  The  basal  bodies  are  connected  longitudinally  by 
fine  coordinating  fibers. 

The  cilia  are  long  and  wavy  with  the  exception  of  a  single  tuft  of 
tactile  cilia  at  the  anterior  end  on  the  ventral  surface.  In  this  region  the 
basal  bodies  are  small  and  very  numerous,  and  from  each  originates  a 
single  stiff  cilium.  The  tuft  of  cilia  may  be  seen  easily  from  a  lateral 


FIG.  2.  Ancistnnna  mytili.  Camera  lucida  drawing  of  a  cross-section  through 
the  mid  region  looking  from  the  anterior  to  the  posterior  end.  Champy's :  Crystal- 
violet,  x  1000. 

view  (Fig.  1,  C).  It  may  also  be  seen  in  life  when  the  organism  at- 
taches itself  to  the  coverglass  ventral  side  up.  Then  each  cilium  appears 
as  a  tiny  point  against  the  glass  while  the  other  cilia  over  the  body  con- 
tinue to  wave.  This  tuft  of  cilia  is  the  attaching  mechanism  and  is  un- 
doubtedly used  in  anchoring  the  organism  to  the  mantle  and  gills  of  the 
host.  It  often  attaches  itself  by  this  tuft  to  the  bottom  of  the  Syracuse 
dish  or  to  pieces  of  debris. 

Pcristouial  Cilia 

Slightly  back  of  the  pointed  end  of  the  peristomal  groove  three  rows 
of  very  long  cilia  originate.  Two  rows  follow  the  dorsal  edge  of  the 
peristome  posteriorly  and  dip  down  in  an  arc  behind  the  mouth.  The 
other  follows  the  ventral  edge  of  the  peristome  and  ends  just  over  the 
point  of  the  ventral  flap.  The  cilia  of  these  three  peristomal  rows  are 
nearly  twice  as  long  as  the  peripheral  cilia  and  are  set  exceedingly  close 
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together.  "When  the  organism  is  in  motion  they  are  seen  to  move  in 
waves  like  undulating  membranes.  At  the  posterior  ends  of  these  rows 
arise  three  still  longer  and  heavier  cilia.  De  Morgan  (1925)  figures  and 
describes  these  three  cilia.  His  observations  of  posterior  lobes  or  dorsal 
ridges,  however,  I  have  been  unable  to  verify  in  my  material  although  I 
have  looked  for  them  repeatedly.  The  surface  of  the  organism  often 
does  become  folded  and  the.  lateral  edges  papillose  after  remaining  on  a 
slide  for  a  short  time. 

Fibrillar  System 

The  longitudinal  coordinating  filters  connecting  the  basal  bodies  are 
easily  seen  after  I  leidenhain's  haematoxylin  or  Mallory's  triple  stain,  but 
it  is  with  reduced  silver  that  they  stand  out  with  great  clearness.  Suc- 
cessful preparations  of  the  silver  line  -vxtem  are  relatively  easy  to  obtain 
using  Ancistruma  as  material.  The  cytoplasm  is  yellowish  and  the  basal 
bodies  and  fibers  are  black.  T  have  found  this  method  very  useful  in 
studying  the  fine  details  of  the  general  morphology  of  this  genus  in  addi- 
tion tn  bringing  out  a  system  of  fine  fibers  not  demonstrated  by  any  other 
technique. 

The  fibers  are  of  three  types  in  both  .•liicistniina  niytili  and  A.  isscli: 
the  longitudinal  coordinating  libers,  the  transverse  or  commissural  fibers, 
and  the  net  of  fine  fibers  in  the  peristomal  region  (Fig.  3,  A,  B,  and  C). 

The  longitudinal  111  UTS  of  . /.  inytili  originate  in  a  clear,  bar-like  area 
in  the  ventral  anterior  region,  the  anterior  fu-ld  ( Tig.  3,  A  and  C). 
This  arm  does  not  appear  to  be  fibrillary,  as  it  remains  unstained  after 
all  the  methods  I  have  emplovcd.  The  basal  bodies  from  which  the 
stiff  tactile  cilia  arise  are  small  and  very  close  together.  Posterior  to 
this  region  the  basal  bodies  are  larger  and  farther  apart.  The  basal 
bodies  of  the  three  peristomal  rows  of  cilia  are  large  and  numerous. 

The  transverse  fibers  are  delicate  and  only  occasionally  can  be  seen 
after  ha-matoxylin  stain.  They  stand  out  quite  clearly  after  silver  im- 
pregnation, however.  They  are  very  irregular  in  their  distribution.  1 
have  never  seen  any  in  the  region  of  the  tactile  cilia  and  only  occasional 
pairs  of  basal  bodies  in  the  posterior  region  show  cross  connections. 
They  are  most  numerous  in  the  mid  region  of  the  body  on  both  dorsal 
and  ventral  surfaces. 

Figure  3,  A,  represents  an  organism  in  which  the  impregnation  was 
exceedingly  clear  and  delicate.  In  one  region  on  the  left  side  of  the 
organism  a  few  fibers  are  seen  lying  between  the  rows  of  basal  bodies. 
These  may  represent  the  interstrial  fibers  described  by  Pickard  (1927) 
in  BoTcria  tcrcdinidi.  On  the  other  hand,  they  may  represent  a  deep- 
lying  network  of  the  same  type  regularly  seen  in  the  peristomal  region, 
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FIG.   3.     Ancistntina    inylili.     Camera   lucida   drawings   of  organisms   impreg- 
nated with  silver  nitrate.       <  1000. 

A.  Ventral  view.     Note  the  fine  interstrial    (?)    fibers  appearing  on  the  left 
side  of  the  organism. 

•     B.  Dorsal  view.     The  net  of  fibers  in  the  peristome  are  readily  seen  in  this 
view.     Note  also  the  row  of  fine  fibers  below  the  mouth. 

C.  Anterior  end  of  an  organism  turned  slightly  on  its  right  side.     Note  bar- 
like  anterior  field. 
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their  presence  being  masked  by  the  heavy  pellicle  in  the  body  region  so 
that  they  appear  only  under  exceedingly  favorable  conditions. 

The  whole  peristomal  region,  even  into  the  mouth,  is  supplied  with 
a  net  of  very  fine  fibers.  These  fibers  spread  in  all  directions  and  seem 
to  connect  directlv  with  the  basal  bodies  of  the  peristomal  cilia. 

A  number  of  fine  libers  connecting  the  inner  dorsal  row  of  peri- 
stomal cilia  to  the  outer  dorsal  row  may  be  seen  just  posterior  to  the 
mouth.  They  seem  to  be  quite  distinct  from  the  net  system  and  prob- 
ably are  in  the  nature  of  concentrated  transverse  or  commissural  fiber > 
(Fig.  3,5). 

Nuclei 

Ancistruma  inytili  contains  one  very  small  micronucleus  located  well 
up  in  the  anterior  end.  It  is  spherical  and,  in  the  interphase,  always 
stains  intensely  with  any  of  the-  basic  dyes.  It  is  readily  observed  as  the 
cvtoplasm  in  the  anterior  region  is  very  clear  and  free  from  food  par- 
ticles. 

The  macronucleus  is  relatively  huge  and  verv  characteristic  in  shape 
and  position.  It  is  clearly  visible  in  the  living  organism.  It  resembles 
a  large,  curved  sausage,  having  its  convex  side  always  toward  the  peri- 
stome.  In  some  organisms  the  degree  of  curvature  is  less  than  in  oth- 
ers.  Maupas  (1883)  and  I)e  Morgan  il(>25)  both  sketch  the  macro- 
nucleus  nt'  . /.  ni\'tili  entirelv  too  small  in  proportion  to  the  size  of  the 
organism.  Moreover.  1  )e  Morgan  represented  the  convex  surface  as 
directed  toward  the  left  side  instead  of  toward  the  peristomc.  I  have 
never  found  this  to  be  the  case  in  my  material. 

The  macronucleus  of  . •/.  inytili  in  the  resting  stage  is  seen  to  be  com- 
posed of  very  compactly  placed  chroinatin  granules.  These  take  the 
l-Yulgen  reaction  intensely  and  stain  clearly  with  any  of  the  basic  dyes. 

Vacuoles 

Many  food  vacuoles  are  found  in  the  posterior  portion  of  the  body. 
These  are  tilled  with  bacteria  and  small  particles  taken  from  the  water 
brought  in  by  the  mussel.  Many  of  the  vacuoles  contain  algae. 

There  is  one  contractile  vacuole  usually  situated  well  to  the  left  side 
near  the  posterior  end.  It  is  quite  regular  in  its  contractions,  filling 
slowly  and  cmptving  rapidly.  I  have  never  been  able  to  detect  any  defi- 
nite and  persistent  pore  in  the  periplast  through  which  (his  discharge 
takes  place.  As  the  organism  becomes  enfeebled  on  the  slide1  (he  rate 
of  discharge  decreases  until  finally  it  ceases  and  tin1  vacuole  reaches 
enormous  proportions.  This  persists  for  one  to  three  minutes  before 
cytolysis  takes  place. 
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FIG.   4.     Division   of  Ancisfntina    mytili.     Camera   lucida   drawings.     X  1000. 

A.  Micronucleus  in  prophase.     Schaudinn's :  Feulgen. 

B.  Metaphase.     Macronucleus  straightening.     Zenker's :  Feulgen. 

C.  Late  anaphase.     Macronucleus  elongate.     Schaudinn's :  Heidenhain's  hsema- 
toxylin. 

D.  Telophase.     Schaudinn's :  Heidenhain's  haematoxylin. 
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DIVISION  OF  ANCISTRUMA  MYTILI 

The  division  of  A.  inytili  appears  to  be  regular  and  of  the  usual  cili- 
ate  type.  The  micronucleus  is  too  small  to  allow  detailed  observation 
of  inner  structure.  I  shall  outline  the  process  briefly. 

The  micronucleus  initiates  fission.  Its  chromatin  becomes  less  dense 
and  appears  as  masses  in  a  lightly-staining  matrix.  The  macronucleus 
straightens  out  with  its  long  axis  corresponding  to  the  long  axis  of  the 
body  (Fig.  4,  A).  There-  is  very  little  swelling  of  the  micronucleus  and 
the  metaphase  is  formed  by  an  apparent  condensation  of  chromatin  into 
a  plate  (Fig.  4.  />).  This  plate  of  chromatin  divides  and  the  two  halves 
move  to  opposite  poles  of  the  then  elongated  micronuclear  spindle  (Fig. 
4.  C).  The  macronucleus  lengthens  considerably  and  becomes  filled 
with  deeply-staining  granules  and  clear  areas.  This  reminds  one  of  the 
condition  of  the  macronuclei  of  I'rolcptus  Inilscyi  (Calkins,  1930). 
The  micronucleus  now  divides,  pulling  out  a  long  connecting  strand  be- 
tween the  two  hakes  (  Fig.  4.  /)).  The  connecting  strand  disappears 
and  the  two  dan-iiter  micronuclei  migrate  to  opposite  ends  of  the  cell. 
The  macronuclcus.  meanwhile,  begins  to  constrict  and  pull  into  a  dumb- 
bell shape  (  Fig.  5.  ./  and  />  ).  In  the  clearer  area  between  the  dividing 
halves  many  large  granules  arc-  regularly  seen  (Fig.  5,  />),  but  as  the 
separation  proceeds  these  granules  of  chromatin  are  drawn  up  into  the 
daughter  halves.  The  separation  of  the  daughter  halves  is  clean,  and 
the  daughter  macronuclei  round  up  and  become  compact.  The  large 
granules  and  vacuoles  disappear,  and  the  ciliate  undergoes  plasmotomy 
(Fig.  5.  C).  The  macronuclei  of  the  daughter  ciliates  then  elongate 
and  assume  their  characteristic  sausage-like  shape. 

GEXKRAL  FEATURES  OF  . XXCISTRTMA  ISSELI 

A  Syracuse  dish  containing  the  contents  of  the  mantle  cavity  of 
Modiola  nwdiolns  is  a  scene'  of  chaos,  when  viewed  through  the  dis- 
-«  cling  microscope.  Ancistninid  isscli  exhibits  more  speed  in  swim- 
ming than  does  . /.  invtili.  The  ciliates  are  exceedingly  numerous  in 
most  mussels  and  tend  to  swim  in  one  direction,  in  contrast  to  the  jerky 
flights  of  A.  inytili. 

Sice  and  SJiapc 

Fifty  specimens  of  Ancislninui  isscli  gave  an  average  length  of  77  fi 
(70/A-.SS//)  while-  the  average  width  was  42  //.  (31 //-54 /<).  These 
averages  are'  higher  than  those  obtained  for  A.  inytili  although  the  ranges 
overlap. 

The  shape  of  A.  isscli  is  roughly  similar  to  that  of  .-/.  inytili,  but  the 
former  is  more  pointed  at  both  the  anterior  and  posterior  ends.  The 
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FIG.    5.     Division   of   Ancistnuna    inytiH.     Camera    lucida   drawings.     X  1000. 

A.  Daughter  micronuclei  are  again  compact  and  have  moved  apart.     Macro- 
nucleus  showing  division  plane.     Reorganized  peristomes  visible.     Zenker's :  Feul- 
gen. 

B.  A   little  later.     Macronucleus   dumb-bell-shaped.     Schaudinn's :    Delafield's 
haematoxylin. 

C.  Division  of  ciliate  nearly  completed. 
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right  margin  is  only  slightly  convex  while  the  left  margin  is  greatly 
convex,  the  widest  point  being  in  the  posterior  third  of  the  body  (Figs. 
6  and  7). 


II 

'     . 


FlC.  <>.  .  litcistnuiKi  /.v.vr//.  Ventral  view  of  "r^aiiiMn  drawn  from  life  at  ap- 
proximately IIIIKI  diameters.  The  macronucleus  is  extremely  larjie  and  clear. 

In  lateral  view  ./.  isscli  and  . /.  inytili  resemble  one  another  closely. 
Both  are  dorso-ventrally  flattened,  concave  ventrally,  convex  dorsally, 
and  both  po»ess  attaching  cilia.  A.  isscli,  however,  ]>ossesses  a  much 
enlarged  anterior  Held,  at  the  extreme  anterior  end.  This  field  is  in  the 
form  of  a  clear  bubble  in  the  periplast  and  is  seen  especially  well  when 
the  ciliate  is  flattened  under  a  covcrglass.  It  is  usually  visible  in  fixed 
^peeimenx  <  l-'i-.  S.  ./  and  /').  The  peristomes  of  the  two  species  are 
very  similar,  the  pointed  flap  under  the  mouth  being  less  prominent, 
however,  in  .  /.  isscli. 

Cilia  and  Fibrlllar  System 

The  peripheral  and  peristomal  cilia  of  A.  isscli  are  long  and  wavy  as 
in  .1.  my/>7/.  The  tactile  tuft  is  much  less  prominent  and  less  extensive 
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in  the  former  species.  The  ciliary  lines  do  not  pass  completely  about 
the  posterior  end  hut  center  at  an  easily  visible  suture.  This  suture  is 
only  observed  from  the  dorsal  side  in  organisms  that  are  slightly  flat- 
tened. After  silver  impregnation  it  appears  as  a  black  fiber  (Fig.  8,  B). 


FIG.  7.  Aucistnnna  isscli.  Dorsal  view  of  living  organism  at  approximately 
1000  diameters.  Mouth,  contractile  vacuole  and  macronucleus  visible. 

The  network  of  fibers  in  the  peristomal  region  is  much  coarser  and 
less  extensive  than  in  A.  in \tili  and  T  have  never  observed  any  fibers 
(interstrial?)  between  the  lines  of  cilia  on  the  body  surface.  The  fine 
fibrillar  connections  between  the  outer  and  inner  dorsal  rows  of  peri- 
stomal cilia  seem  to  be  lacking  in  A.  isscli.  Instead  the  outer  dorsal 
peristomal  fiber  dips  down  and  forward  to  join  the  end  of  the  inner 
dorsal  peristomal  fiber  just  ventral  to  the  mouth. 

The  fibers  of  the  ciliary  system  seem  to  be  all  interconnected  in  A. 
isseli  through  the  peristomal  net  system.  The  whole  fibrillar  organiza- 
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tion  is  certainly  very  similar  to  that  described  by  MacLennan  and  Cou- 
ncil (1931)  for  Eupoterion  pcrni.v. 


'.  • :       * 

•„'•"•  •*•-'**""*• 


A 


I   [G.    8.     Aiicistniina     isxcli.     Silver     nitrate     impregnations.     Camera    lucida 
drawings.     X  1000. 

A.  Ventral  view. 

/?.  Dorsal    view    vlmuiim    posterior    suture.     Xote   also   the   clear   bubble-like 
anterior  field. 

Nuclei  and  ]raciiolcs 

Tin-  micronucleus  of  . /.  isscli  is  a  small  sphere  situated  in  the  an- 
terior fourth  of  the  hod\.  It  is  identical  with  the  inicronncleus  of  A. 
uiytili  as  far  as  ran  he  determined.  The  niacronucleus  of  .-I.  isscli  is 
very  distinctive.  howe\er.  It  is  clearly  \isihle  in  life  as  an  enormous 
sphere  occupying  the  center  of  the  body  (Figs.  6  and  7).  Some  shrink- 
in  the  si/e  occurs  upon  fixation.  The  niacronucleus  is  of  the  mas- 
sive type  but  it  possesses  many  spherical  deeply-staining  chromatin 
granules  among  the  smaller  packed  granules  (Fig.  9,  A). 
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Issel  (1903)  reports  the  macronucleus  to  he  fragmented  at  times 
into  two  to  seven  parts.  I  have  evidence  that  the  spheres  so  often  found 
in  both  Ancislriiniti  isscli  and  .1.  inylili  are  not  the  result  of  fragmenta- 
tion hut  the  reorganisation  of  an  ex-conjugant.  I  shall  present  this 
evidence  with  a  discussion  of  the  question  in  the  second  of  this  series  of 
papers. 

The  food  vacuoles  are  numerous  and  situated  in  the  posterior  third 
of  the  body.  They  are  usually  filled  with  the  yellow,  granular  pigment 
of  Modi ola. 

The  contractile  vacuole  is  identical  in  size  and  position  with  the  con- 
tractile vacuole  of  A.  uiytili. 

DIVISION  OF  ANCISTRUMA  ISSELI 

The  micronucleus  of  A.  isseli  in  division  resembles  that  of  A.  uiytili. 
It  is  too  small  to  observe  with  certainty  the  details  of  any  internal  struc- 
tures. The  general  sequence  of  its  activity  may  be  seen  in  Figs.  9,  A, 
B,C,D,E,  F,  and  10,  A,  B,  and  C. 

The  interesting  feature  of  division  is  to  be  found  in  the  macronu- 
cleus.  ,  As  the  micronucleus  is  dividing  the  macronucleus  pulls  out  into 
an  elongate  mass.  As  this  mass  begins  its  constriction  two  light  areas 
may  be  seen  appearing  on  either  side  of  the  center.  These  areas  are  to 
become  the  planes  of  fission  of  the  macronucleus,  the  heavily-staining 
mass  between  them  becoming  extrusion  chromatin  (Fig.  9,  D  and  £). 
As  the  two  constrictions  increase  the  extrusion  mass  becomes  spherical 
(Fig.  9,  F).  The  two  daughter  macronuclei  now  draw  apart  and  round 
up,  pulling  out  the  macronuclear  membrane  into  a  long  tube  flared  at  the 
center  to  accommodate  the  residual  chromatin  (Fig.  10,  A}.  Very  soon 
the  connections  between  the  daughter  nuclei  are  severed  and  the  residual 
mass  contracts  (Fig.  10,  B).  The  daughter  macronuclei  round  up  and 
plasmotomy  proceeds.  The  residual  mass,  meanwhile,  becomes  very 
loosely  granular  and  loses  its  staining  capacity.  By  the  time  the  daugh- 
ter organisms  are  ready  to  separate  this  mass,  now7  in  the  cytoplasm  of 
one  of  the  daughter  organisms,  has  nearly  disappeared  (Fig.  10,  C). 

This  type  of  macronuclear  action  almost  exactly  parallels  that  found 
in  ConcJiof'litliiriiis  iiivtili  (Kidder,  1932)  and  is  quite  different  from 
that  of  Aiicistntma  mvtili,  described  above.  The  relative  amount  of 
chromatin  cast  out  at  each  division  is  more  than  in  ConcJwpJitliiriiis,  but 
the  method  of  disintegration  and  absorption  into  the  cytoplasm  is  the 
same. 

DISCUSSION 

Issel's  (1903)  description  of  a  commensal  of  Modiola  barbata  under 
the  name  of  Ancistnun  inylili  was  not  wholly  satisfactory  to  him.  He 
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states  that  he  had  some  doubts  about  its  identity  with  the  Ancistniin  in\- 
tlli  of  Maupas,  mainly  because  of  the  spherical  macronucleus.  But  after 
examining  some  ciliates  from  a  number  of  Mytilns  edit! is  (obtained 
from  a  merchant)  he  found  all  gradations  from  the  sphere  to  the  bent 
type  described  by.  Maupas.  He  attributed  this  bent  appearance  to  the 
beginning  of  fragmentation. 

Kahl  (1931)  recognizes  the  distinct  difference  between  the  two  types 
and  names  the  ciliate  from  Modiola  barbata.  Ancistnuna  isscli.  From 
the  present  study  I  think  it  possible  to  establish  the  correctness  of  Kahl's 
statements,  and  the  validity  of  his  species,  as  I  believe  the  ciliate  here 
described  from  Modiola  inodiolus  to  be  identical  with  the  ciliate  from 
Modiola  barhata. 

The  main  points  of  difference  between  Ancistnuna  inytili  and  A. 
isscli  are  as  follows  :  ( 1 )  Size :  A.  isscli — average  77  /A  X  42  /A  ;  A.  inytili 
-average  67 /A  X  31 /A.  (2)  Macronucleus:  A.  isscli — spherical;  A. 
inytili — sausage-shaped.  (3)  A.  isscli  has  posterior  suture;  A.  invtili 
has  no  posterior  suture1.  (4)  Division:  .•/.  isscli  casts  out  a  mass  of 
macronuclear  chromatin  at  division:  A.  inytili  divides  sharply  with  no 
chromatin  extrusion. 

Tin-  i^enus  Ancistnuna  shows  many  affinities  to  the  Conchophthiridse. 
The  peristome  of  Ancistntnni  is  like  Conchophthirius  inytili  in  that  it 
possesses  a  shelf  or  raised  portion  which  protrudes  between  the  rows  of 
peristomal  cilia.  The  motor  organization  is  similar  to  that  of  En  pot  c- 
rion  as  described  by  MacLennan  and  Council  (1931).  In  fact,  the 
main  distinctive  difference  between  the  members  of  the  Conchophthirid;e 
(Conchophthirius,  Cryptochilum,  and  Eupoterion}  and  the  genus  An- 
cistnnna  is  the  possession  of  the  tactile  tuft  of  cilia  bv  the  latter. 

The    "silver   line    system"    first    described    by    Klein    (1926)    was 
thought  by  him  to  represent   a  system  of  nervous  connections  and  co- 
ordinating controls.     Tt  is  evident    from  the  present  study  that  fibers 
uerally  thought  to  be  coordinating  or  conductive  in   function   (longi- 


l;n;.    9.     Division    <if    Ancislrunia    isscli.     Camera    lucida    drawings.     X  1000. 
. /.   IiiUTphasc  showing  compact  micronnck'ii>  and  large  spherical  macronucleus. 
Sublimate-acetic:  Heidenliain's  haematoxylin. 

B.  Micronucleus    in    im-taphasr    of    mitosis.     Sublimate-acetic:     Heidenhain's 
haematoxylin. 

C.  Tr)opha>r.     Sublimate-acetic:  l-Yulgi-n. 

/'.  Daughter  micronucki  drawing  apart.  Macronucleus  elongating.  Sub- 
limate-acetic: Heidenhain's  haematoxylin. 

/:.  Later  stage.  Xote  two  constrictions  in  the  macronucleus.  Tliese  repre- 
srnt  tlu-  division  plani-s  while  central  mass  is  the  residual  chromatin.  Gilson- 
(  'arnoy's  :  I ',.  .rrcl. 

/  .   I.ati-r  stage  in  division  of  macronucleus.     Gilson-Carnoy's :  Feulgen. 
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tudinal  fibers)  are  stained  by  the  reduced  silver  ;II~UT  this  method.  It 
seems  logical  to  suppose  that  the  network  of  fine  fibers  in  the  peristomal 
region  of  Ancislniina  is  conductive  and  serves  to  connect  this  sensitive 
area  with  the  organdies  of  locomotion. 


Fi<:.    Hi.      Division    of    Ancistritma    ;.v.\v//.     Camera    Inrida    drawings.     X  1000. 

.-/.  Late  division  of  macroimdens.  Kxtnision  diroinatin  .still  within  macro- 
iiudtTir  nu-niliranc.  ( iilson-Carnuy's  :  Bnrrel. 

/••'.  Later.  1  >anghtrr  niacromu  lei  separate.  l\(^idual  mass  of  diroinatin  free 
in  cytoplasm.  Sublimate-acetic :  Fi-ul.m-n. 

C.  Daughter  niarrnnndri  rounding  up.  'I  he  residual  dinunatin  is  being  ab- 
s-irlird  into  tl>  I'lasin  of  posterior  daughter  organism.  Sublimate-acetic: 

•en. 

It  -reins  strange  that  two  Mich  .similar  forms  as  Ancislniina  inytili 
and  ./.  isscli  should  show  such  a  decided  difference  in  macronuclear 
division.  If  tin-  chromatin  elimination  is  a  purification  process  as  sug- 
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gested  by  Calkins  (1930),  then  there  must  be  some  fundamental  differ- 
ence between  the  two  species  in  the  chromatin  reorganization  during 
division.  Ancislruiini  inytili  must  be  able  to  eliminate  its  nuclear  waste 
products  gradually  or  at  least  in  a  manner  as  yet  impossible  of  visual 
detection.  Whether  or  not  this  process  of  chromatin  elimination  has 
any  phylogenetic  significance  is  unknown.  Perhaps  some  light  may  be 
thrown  on  this  question  when  sufficient  data  have  been  collected  and 
analyzed.  The  Conchophthirida?  and  the  Ancistridse  seem  to  be  the 
most  favorable  material  for  such  a  study. 

SUMMARY 

1.  Ancistruina  inytili  Ouenn..  a  holotrichous  ciliate  commensal  in  the 
salt  water  mussel  M  \tilus  ediills,  and  Ancistniina  isseli  Kahl,  a  holo- 
trichous ciliate  commensal  in  the  solitary  mussel  Modiola  modiolus  are 
described. 

2.  Observations  are  made  from  both  living  and  fixed  material. 

3.  The  motor  system  of  each  consists  of  long  peripheral  cilia,  a  tuft 
of  tactile  cilia,  and  three  rows  of  peristomal  cilia  all  supplied  with  inter- 
connected basal  bodies.     Net-like  systems  of  coordinating  fibers  occur 
in  the  peristomal  regions. 

4.  Each  species  possesses  one  micronucleus,  which  is  small  and  com- 
pact. 

5.  The  macronucleus  of  A.  inytili  is  sausage-shaped  while  that  of  A. 
isseli  is  spherical.     Both  are  very  large. 

6.  During   division    the    micronuclei    divide    in    the    usual    manner. 
They  are  too  small  to  allow  observation  of  detail. 

7.  The  macronucleus  of  A.  inytili  divides  evenly  and  cleanly,  while 
that  of  A.  isseli  eliminates  a  large  ball  of  chromatin  at  each  division. 

8.  The  differences  between  the  two  species  are  discussed. 
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GRUBERIA  CALKINSI  SP.  NOV.,  A  BRACKISH-WATER 

CILIATE   (PROTOZOA,  HETEROTRICHIDA)    FROM 

WOODS  HOLE,  MASSACHUSETTS 

ENRIQUE  BELTRAN 

UNIVKRSITY  OF  MEXICO 

While  working  at  the  Marine  Biological  Laboratory,  Woods  Hole, 
Mass.,  last  summer,  I  had  the  opportunity  to  collect  many  interesting 
forms  of  Protozoa  from  a  small  brackish-water  deposit  situated  near 
Gardiner  Road,  locally  known  as  "  Lillie's  Ditch." 

Among  those  forms  studied  I  found  a  large  ciliate  belonging  to  the 
family  Plagiotomidse,  exceptionally  abundant  during  August  and  Sep- 
tember. At  that  time  I  was  unable  to  place  it  in  any  of  the  genera 
previously  described. 

As  may  be  seen  (Fig.  1)  this  animal  has  a  superficial  similarity  to 
Spirostomum.  It  differs,  however,  in  some  important  respects,  par- 
ticularly in  the  possession  of  many  vacuoles  (possibly  contractile)  which 
are  scattered  throughout  the  body,  instead  of  the  characteristic  large 
posterior  contractile  vacuole  of  Spirostomum,  as  seen  in  the  typical 
species. 

Gruber  (1884)  described  a  new  species  of  Spirostomum  (Sf>.  lance- 
olatuin)  while  studying  the  Protozoa  from  the  port  of  Genoa,  Italy. 
Gruber's  form  presents  striking  similarity  to  the  animals  which  I  col- 
lected from  Lillie's  Ditch,  but  differs  mostly  in  respect  to  the  morphol- 
ogy of  the  nucleus.  It  also  lacks  the  characteristic  posterior  contractile 
vacuole  of  Spirostomum. 

Some  years  ago  De  Morgan  (1923-1925)  found  in  the  sea-water 
tanks  at  Plymouth  Laboratory  some  specimens  of  Spirostomum  lancc- 
olatuin.  His  description,  far  more  accurate  and  complete  than  that  of- 
fered by  Gruber  (1884),  shows  some  points  of  difference  from  the 
latter  and  a  closer  similarity  in  nuclear  structure  to  the  animals  found 
at  Woods  Hole.  However,  the  differences  are  sufficient  to  separate 
perfectly  the  two  species. 

Florentin  (1899)  described  under  the  name  of  Spirostomum  sali- 
narum  a  brackish-water  form,  which  he  found  in  Lorraine,  France,  as 
having  a  yellow  color,  non-contractile  body,  and  living  in  media  of  high 
saline  concentration.  The  presence  of  small,  independent,  granular 
nuclei,  and  a  typical  posterior  contractile  vacuole,  are  characters  which 
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FIG.  1.     Gnibcria  Calkins!  sp.  nuv.     From  a  living  specimen. 

Fi<;.  2.     Nuclear  apparatus.     IIt;:Cl,  Heidenhain's  hematoxylin. 

Zeiss  Comp.  15  >    

Zeiss  Apo.  90  X,  1.3  n.  a. 

FIG.    3.     Longitudinal    section     (5    microns    thick)     showing    membranelles. 
Hg2Cl,  Heidenhain's  hematoxylin. 

Zeiss  Comp.  15  >   

Zeiss  Apo.  90  X,  1.3  n.  a. ' 

FIG.    4.     Longitudinal    section    (5    microns    thick)    of    the    periplast,    showing 
ciliary  arrangement.     Hg,.Cl,  Heidenhain's  hematoxylin. 

Zeiss  Comp.  15  > 
Zeiss  Apo.  90  X,  1.3  n.  a.  ' 

!  M;.  5.     Transverse  section  (5  microns  thick)  of  the  periplast;  in,  myonemes. 
(1.  Hriih-iihain's  hematoxylin. 

Zeiss  Comp.  15  X 

Zeiss  Apo.  90  X,  1.3  n.  a. 
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are  quite  sufficient  to  differentiate  this  species  from  the  Woods  Hole 
animals. 

After  careful  consideration,  I  reached  the  conclusion  that  I  had  ob- 
tained a  new  genus  of  the  family  Plagiotomidse. 

Three  weeks  ago.  Professor  Gary  N.  Calkins  was  kind  enough  to 
call  to  my  attention  the  last  fascicle  (1932)  of  Kahl's  monumental  work 
on  the  Infusoria.  This  hook  has  just  come  out  of  press,  and  presents 
a  consideration  of  the  Heterotrichida.  This  author  separates  the  animal 
described  by  Gruber  (1884)  from  the  genus  Spirostoinuiu  and  creates 
the  new  genus  Grubcria  for  it,  and  another  species  which  he  calls  Or. 
uninucleata.  He  also  transfers  Florentin's  Spirostoinuui  salinantm  to 
the  genus  Blepharisir.a.  I  fully  subscribe  to  these  changes,  which  I 
think  are  justified. 

The  animal  which  I  have  studied  differs  in  some  respects  from  those 
described  by  Kahl  in  his  genus  Grubcria,  and,  evidently,  is  not  either  of 
the  species  he  mentioned.  However,  the  differences  are  not  sufficiently 
strong  to  create  a  new  genus,  and  I  prefer  to  describe  the  animal  found 
at  Woods  Hole  as  a  species  of  the  genus  Gntberia.  It  has  been  a  great 
pleasure  for  me  to  name  it  Grubcria  Calkinsi,  as  a  manifestation  of  my 
indebtedness  to  Dr.  G.  N.  Calkins,  not  only  for  his  invaluable  teachings 
but  also  for  the  kindly  interest  he  has  taken  in  my  work,  and  the  many 
attentions  he  has  shown  me  during  my  stay  at  Woods  Hole  and  Colum- 
bia University. 

DESCRIPTION 

The  size  varies  from  200  to  800  microns  in  length.  The  width 
ranges  from  one-fifth  to  one-seventh  of  the  total  length. 

The  animal  (Fig.  1)  is  long  and  straight,  with  an  obtuse  anterior 
end  that  is  slightly  curved  toward  the  ventral  side.  The  posterior  end 
is  more  or  less  acutely  pointed,  and  is  frequently  curved  in  the  same 
direction  as  the  anterior  end. 

This  general  shape  is  maintained  within  certain  limits.  The  body 
is  slightly  contractile,  but  the  general  shape  is  not  altered  when  contrac- 
tion occurs.  However,  some  animals  may  be  obliquely  twisted  on  their 
longitudinal  axes. 

The  peristomial  groove  is  quite  long  and  extends  posteriorly  in  a 
straight  line  to  two-thirds  of  the  total  body  length.  It  is  a  relatively 
deep  and  broad  furrow  that  gradually  sinks  into  the  body.  On  one 
margin  of  the  peristome  there  is  a  line  of  membranelles,  and  on  the 
opposite  margin  is  a  row  of  cilia,  which  are  longer  than  those  which  may 
be  found  in  other  parts  of  the  body.  Sometimes  the  posterior  portion 
of  the  peristome  may  be  obliquely  twisted  to  one  side. 
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The  mouth,  which  is  fairly  wide,  leads  into  a  short  and  narrow 
pharynx.  The  membranelles  of  the  peristome  continue  into  the  mouth 
and  form  a  complete  spiral  within  the  gullet.  This  condition  is  quite 
similar  to  that  which  has  heen  descrihed  by  Faure-Fremiet  (1912)  in 
Coitdylostoina  patens. 

The  cilia  are  small  and  fine,  and  are  arranged  in  longitudinal  rows 
which  extend  over  tin-  entire  length  of  the  body,  in  lines  which  follow  the 
general  shape  of  the  animal.  There  are  many  small  vacuoles  (possibly 
contractile)  irregularly  distributed  throughout  the  body,  but  they  are 
generally  more  abundant  in  the  posterior  part  of  the  animal. 

The  macronucleus  is  of  the  headed  type,  and  is  situated  on  the  dorsal 
side  of  the  body.  It  possesses  generally  about  ten  beads. 

There  are  many  micronuclei.  These  are  small  and  irregularly  dis- 
tributed near  the  beads  of  the  macronucleus,  which  they  generally  exceed 
in  number. 

I  collected  all  my  animals  from  Lillie's  Ditch,  in  which  place  occa- 
sionally they  were  exceedingly  abundant. 

Professor  D.  11.  \\Vnrich,  of  the  University  of  Pennsylvania,  has 
shown  me  some  specimens  which  are  apparently  the  same  animal  that  I 
have  studied.  These  were  collected  by  him  in  the  ICel  Pond.  \\"oo<U 
1  lok;.  .Mass. 

STRUCTURE 

My  intention  is  not  to  make  a  detailed  cytological  study  of  these  ani- 
mals. However,  the  careful  observation  of  a  great  number  of  living 
and  fixed  specimens  permits  me  to  describe  some  of  their  structural 
details. 

Xitt'Icur  .-I     a  ml  us 


The  macronucleus  (  I;ig.  2)  quite  markedly  resembles  that  of  Spiro- 
stoniuin  (iinl>i(/iii(in.  It  extends  lengthwise  through  the  whole  body, 
excepting  the  anterior  and  posterior  ends.  It  is  situated  dorsally,  and 
immediatelv  below  the  cortical  layer. 

In  the  li\ing  specimens  the  nucleus  is  easily  seen  as  a  series  of  clear 
spaces.  After  treatment  with  dilute  aqueous  solution  of  neutral  red, 
the  niaeronncleus  appeared  to  be  enclosed  within  a  very  fine  membrane. 
This  membrane  stains  less  intensely  than  do  the  beads.  Each  bead  is 
formed  of  a  densely  and  finely  granulated  substance,  in  which  lie  some 
larger  and  more  refringent  granules. 

Slides  which  were  fixed  with  a  saturated  solution  of  mercuric  bi- 
chloride in  (>5  per  cent  alcohol,  and  stained  with  I  leidenhain's  iron 
hematoxylin.  or  Kornhauser's  modification,  show  the  beads  to  be  com- 
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posed  of  a  finely  granular  groundwork  in  which  are  dispersed  larger, 
deeply-staining  granules,  which  correspond  to  the  refringent  granules 
mentioned  above. 

The  connecting  membrane  is  clear  and  definite,  but  generally  does 
not  stain  very  darkly.  This  membrane  may  be  likened  to  a  sack  which 
bulges  in  places  wherein  the  macronuclear  beads  are  contained.  The 
connecting  portion  between  two  beads  may  be  narrow  and  clear,  or  may 
contain  a  deeply-staining  spherical  granule,  which  is  generally  larger 
than  those  which  are  found  in  the  beads. 

With  the  Feulgen  nuclear  reaction,  large  vacuoles  appear  in  the 
granular  background  of  the  beads.  These  vacuoles  occupy  the  same 
position  in  the  bead  as  the  large  refringent  granules  that  were  demon- 
strated by  staining  with  neutral  red  and  the  large,  deeply-staining  gran- 
ules seen  in  specimens  that  were  stained  with  iron  hematoxylin. 

I  have  not  been  able  to  find  a  single  dividing  animal,  although  I  have 
observed  more  than  one  hundred  individuals.  For  this  reason  I  cannot 
treat  of  the  behavior  of  these  granules  during  nuclear  division. 

However,  the  fact  that  these  granules,  which  stain  with  iron  hema- 
toxylin, do  not  appear  in  specimens  that  have  undergone  the  Feulgen 
reaction,  and  the  fact  that  their  number  and  size  vary  greatly,  have  led 
me  to  believe  that  they  may  be  homologous  with  what  Calkins  (1930) 
calls  "  X-granules."  The  small  Feulgen  and  hematoxylin-staining  gran- 
ules in  the  macronuclear  beads  may  be  homologous  with  the  "  C-gran- 
ules  "  described  in  Urolcptns  Halscyi  by  the  same  author. 

The  micronuclei  are  generally  no  more  than  one  or  one  and  a  half 
microns  in  diameter  (a  single  bead  of  the  macronucleus  measures  from 
10  to  40  microns  on  its  major  axis).  They  are  scattered  near  the 
macronucleus  beads,  but  may  sometimes  be  imbedded  in  a  surface  cavity 
of  the  latter. 

With  Heidenhain's  hematoxylin  they  stain  very  well,  but  are  never 
so  dark  as  the  supposed  X-granules  of  the  macronucleus.  The  Feulgen 
reaction  demonstrates  them  as  poorly-staining  bodies.  This  probably  is 
an  indication  of  low  nucleic  acid  content. 

Mciubrancllcs 

In  the  living  specimens  these  structures  are  narrow,  triangular  in 
shape,  and  situated  very  close  to  each  other;  each  measures  about  30 
microns  in  length. 

In  stained  specimens,  a  membranelle  is  always  broken  up  into  its 
constituent  cilia  (Fig.  3).  It  passes  through  the  periplast  in  the  form 
of  a  slender,  relatively  deeply-staining  shaft,  which  emerges  into  the  thin 
ectoplasmic  layer,  and  there  assumes  the  form  of  a  slender  cone,  which 
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has  its  base  nearest  the  periplast.  There  appears  to  be  a  small  space 
which  separates  the  shafts  from  the  cones  of  the  membranelles,  and  the 
entire  ectoplasmic  layer  from  the  periplast.  This  space-  may  be  a  result 
nf  fixation. 

The  membranelles  arc  strikingly  similar  in  structure  to  those  de- 
scribed by  Maier  (1903)  in  Stylonychia. 

Cilia 

The  cilia  are  small  and  thin,  and  arc  arranged  in  rows  which  extend 
all  aliing  the  animal's  body.  In  longitudinal  sections  (Fig.  4)  they  are 
uniformly  distributed  throughout  the  periplast,  and  arise  from  spherical 
ba-al  granules,  which  are  one  micron  in  diameter.  These  small  bodies 
form  a  row  immediately  below  the  periplast,  which  is  2  microns  thick. 
A  second  row  of  similar  granules  appears  directly  beneath  them.  As 
far  as  I  could  determine,  there  was  no  connection  between  these  two 
rows. 

In  transverse  sections  (Fig.  5),  the  cilia  are  more-  separated  than  in 
longitudinal  sections  (a  space  of  three  or  four  microns  exists  between 
two  consecutive  cilia).  They  are  inserted  in  the  lower  parts  of  the  un- 
dulating periplast,  and  have  the  same  relations  to  the  double  row  of 
granules  as  shown  above.  The  granules  appear  to  be  fusiform  in  shape, 
with  their  longest  axes  parallel  to  the  periplast.  They  arc  situated  very 
closely  to  each  other,  and  may  be  connected  by  pointed  ends. 

The  same  apparent  lack  of  connection  between  the  two  rows,  as 
shown  in  longitudinal  sections,  appears  in  transverse  sections. 

Myoiicines 

Slender,  refringent  libers  which  extend  lengthwise  over  the  body 
can  easily  be  seen  in  the  animal.  These  are  about  one  micron  in  di- 
ameter and  extend  parallel  and  very  close  to  the  ciliary  rows.  They  are 
distinct  at  the  middle  body  region,  and  sometimes  anastomose  at  the 
ends. 

I  interpret  these  libers  as  myoncmcs,  although  the  animal  is  only 
slightly  contractile.  And  I  suppose  that  the-  interciliary  bodies,  which  in 
transverse  sections  appear  within  the  hyaline  periplast  (Fig.  5,  ///),  are 
cross-sections  of  these  fibers. 

These  fibers  arc-  similar  in  position  to  the-  myoncmcs  described  by 
liovard  (1907)  in  Condylostoma  patens. 
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THE  OCCURRENCE  OF  THE  HUMORAL  CHROMATO- 
PHORE  ACTIVATOR  AMONG   MARINE 
CRUSTACEANS 

BF.XJAMIX  KROPP  AND  EARLE  B.   PERKINS 

I  /•  roin  the  Mount  Desert  Island  Biological  Laboratory  and  the  Zoological 

Laboratory,   h'ntiicrs 


The  chromatophore-activating  principle  of  the  crustacean  eye-stalk 
has  heen  found  in  I\il<ciii<>iictt-s  hy  1'erkins  (1928),  in  Grain/on  and 
M-veral  species  of  Lcandcr  hy  K  oiler.  (1928),  in  Macrobrachium  by 
Smith  (1930).  in  I'rannus  hy  Koller  and  Meyer  (1930).  and  in  Cal- 
linccfcs  hy  Perkins  and  Kropp  (1932).  Already  indicated  as  present 
in  several  families  of  decapods,  the  hormone  was  looked  for  in  as  great 
a  variety  of  crustaceans  as  could  he  ohtained  in  the  vicinity  of  the  Mt. 
Desert  Island  Biological  Laboratory,  at  Salishury  Cove.  .Maine.  We 
had  availahle  seven  different  species  of  marine  crustaceans  belonging 
to  as  many  different  families.  Six  were  decapods  —  Crago  (==  Cran- 
gon}  harcas.  I'aiK/ulits  uiontagni,  Honianis  aincricanns,  Pagnrus  longl- 
ciirpits,  Lil'initi  emarginata,  and  Cancer  in-oral  us;  one  was  a  schizopod 
Mysis  stt'iiolt-pis. 

The  e}res  were  extracted  in  sea  water  as  has  heen  descrihed  previ- 
ously. Unfortunately,  the  extracts  could  not  in  all  cases  he  tested  on 
the  species  from  which  they  were  derived.  This  was  impracticable 
with  Hoinanis.  Lihinia  and  Cancer  hecause  of  the  lack  of  external 
chromatophores  that  undergo  readily  ohservahle  changes.  I  \indalits 
and  I'tit/ums  did  not  remain  alive  long  enough  under  lahoratory  con- 
ditions to  permit  adequate  tests,  and  Mysis  was  too  small  for  injection 
in  addition  to  heing  very  fragile  and  non-resistant.  Therefore.  Crago 
I'ori-ds  \\-as  used  as  a  test  animal  for  all  extracts.  Measured  amounts 
of  the  extract  in  question  were  injected  into  two  sets  of  Crago  which 
had  previously  heen  adapted  to  white  and  hlack  backgrounds  respec- 
tively. In  all  cases  the  chromatophores  of  Crago  were  examined  micro- 
-•opically  hefore  and  after  the  eye  extract  was  injected  in  order  to 
determine  the  decree  of  contraction  or  expansion.  Control  animals. 
similarly  adapted,  received  like  amounts  of  sea  water,  and  still  others 
received  the  same  amount  of  the  donor's  ahdominal  muscle  similarly 
extracted  in  sea  water.  Following  injections,  the  animals  were  re- 
turned to  the  hacki;round  on  which  they  had  become  adapted;  i.e..  white- 
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adapted  Crayo,  injected  with  eye  extract,  were  returned  to  the  white 
background,  and  black-adapted  Crayo  to  the  black  background.  We 
also  took  the  opportunity  to  repeat  the  experiments  of  Roller  (1928) 
in  which  he  reports  the  presence  of  a  chromatophore-expanding  mate- 
rial from  the  rostral  region  of  Cranyon. 

Every  extract  of  eye-stalks  tested  induced  a  condition  in  black- 
adapted  Crago  indistinguishable  from  the  white-adapted  state.  The 
effect  on  the  white-adapted  animals  was  to  increase  the  degree  of  con- 
traction already  present.  Control  animals,  whether  treated  with  sea 
water  or  extracts  of  abdominal  muscle,  showed  no  comparable  effects 
and  in  most  cases  were  wholly  unaffected.  Regarding  the  action  of 
the  rostral  region  extract  we  must  report  completely  negative  results, 
as  has  been  reported  by  Perkins  and  Snook  (1931).  In  no  instance 
could  we  obtain  a  chromatophore-expanding  action  following  the  in- 
jection of  this  extract  into  white-adapted  Crayo  although  care  was 
taken  to  prepare  the  material  from  the  region  designated  and  in  the 
manner  prescribed  by  Roller. 

The  results  are  given  in  Table  I.  No  standard  has  yet  been  devised 
for  the  assay  of  the  crustacean  eye  hormone.  Pending  such  an  assay 
we  adopted  a  procedure  in  the  preparation  and  use  of  the  extracts 
which  was  designed  to  give  extracts  that  would  be  broadly  comparable 
in  potency.  This  was  not  done,  however,  with  the  intention  of  ob- 
taining at  this  time  quantitatively  comparable  extracts  of  known 
strength,  since  the  potency  of  a  given  extract  is  undoubtedly  related 
to  the  total  mass  of  the  eye  and  stalk  which  we  were  not  able  to  consider. 
The  extract  was  prepared  from  a  known  number  of  eye-stalks  and  a 
measured  amount  of  medium  in  such  a  way  that  1  cc.  of  the  final 
extract  possessed  the  hormonal  potency  of  40  eye-stalks.  The  quantity 
injected  was  0.1  cc.,  representing  4  eye-stalks.  This  was  found  to  be 
well  above  the  minimum  dosage  necessary  to  induce  chromatophore 
response  in  Crayo  regardless  of  the  species  from  which  the  eyes  came. 
Indeed  Roller  (1930)  estimates  that  the  hormone  is  still  active  in  a 
1 :  100,000  solution.  With  the  dosage  used,  the  onset  of  contraction 
occurred  in  one  minute  with  Pagurus  extract  and  in  five  minutes  with 
Honutnis  extract.  Maximum  contraction  was  reached  three  to  four 
minutes  after  injection  with  Payiinis  extract,  and  within  ten  minutes 
of  injection  with  Hoinarus  extract.  The  initial  black-adapted  state 
reappeared  after  ten  minutes  with  Pagurus  extract  and  after  thirty 
minutes  with  Hoinarus  extract.  All  other  extracts  brought  on  re- 
sponses within  these  limits,  except  Mysis,  which  called  forth  a  response 
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five  to  six  minutes  after  the  injection,  maximum  contraction  occurred 
after  fifteen  minutes,  and  the  original  black-adapted  condition  did  not 
supervene  until  thirty  minutes  after  the  injection.  The  apparently 
weaker  extract  from  the  eye-stalks  of  Mysis  may  be  associated  with 
the  presence  of  a  specifically  less  potent  hormone  as  well  as  with  the 
greatly  inferior  mass  of  the  eye-stalk  compared  with  that  of  the  decapods 
examined. 

Table  II  represents  the  occurrence  of  the  crustacean  eye-hormone 
as  determined  to  date. 

TABLE  II 


Family 


Species 


Author 


(Decapoda) 
Crangonidae 


Palsemonidse. 


Pandalidae.  .  . 
Xephropsidse. 
Paguridae. .  .  . 

Maiidae 

Cancridae. .  .  . 
Portunidae.  . 


(Schizopoda) 
Mysidae 


Crangon  vulgaris 

Crago  (  =  Crangon)  boreas 

Palaemonetes  vulgaris 
Leander  adspersus 
Leander  serratus 
Leander  squilla 
Macrobrachium  acanthurus 

Pandalus  montagui 
Homarus  americanus 
Pagurus  longicarpus 
Libinia  emarginata 
Cancer  irroratus 
Callinectes  sapidus 


Mysis  stenolepis 
Praunus  inermis 
*  Praunus  flexuosus 


Roller  (1928) 


Perkins  (1928) 
Koller  (1928) 
Roller  (1928) 
Koller  (1928) 
Smith  (1930) 

This  paper 
This  paper 
This  paper 
This  paper 
This  paper 
Perkinsand  Kropp(1932) 

This  paper 

Koller  and  Meyer  (1930) 

Koller  and  Meyer  (1930) 


*  Koller  and  Meyer  (1930)  report  the  eye-stalk  extract  from  white-adapted 
Praunus  fle.viiosus  as  causing  slight  darkening  in  white-adapted  Crangon  vul- 
garis. This  reaction  is  contrary  to  that  induced  by  eye-stalk  extracts  of  all  other 
crustaceans  thus  far  investigated,  and  may  indicate  a  greater  diversity  of  action 
of  the  hormone  within  the  group  than  has  thus  far  been  anticipated. 


The  above  would  indicate  that  the  chromatophore-activating  sub- 
stance of  the  crustacean  eye-stalk  is  very  widely  distributed  among  the 
members  of  this  group  and  by  no  means  confined  to  the  decapods.  Its 
occurrence,  therefore,  cannot  be  regarded  as  fortuitous  in  a  single 
species,  but  as  genetically  present  probably  throughout  the  group  and 
correlated  with  the  chromatophore  effectors  in  the  larval  or  adult  stages. 
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THE    RELATIVE    NUMBERS    OF    IMMATURE    ERYTHRO- 

CYTES  IN   THE  CIRCULATING   BLOOD   OF   SEVERAL 

SPECIES   OF   MARINE   FISHES 

ALDEN  B.  DAWSON 

(From  the  Zoological  Laboratories,  Harvard  University,  and  flic  Marine 
Biological  Laboratory,  Woods  Hole,  Massachusetts) 

During  the  course  of  a  study  of  the  reactions  of  the  erythrocytes  of 
fishes  to  vital  dyes  (Dawson,  1932)  in  which  hrilliant  cresyl  blue  was 
used  to  produce  patterns  of  reticulation,  it  became  increasingly  obvious 
that  the  numbers  of  immature  erythrocytes  present  in  the  circulation 
varied  widely  in  different  species.  In  some  fishes  the  numbers  of  im- 
mature cells  were  negligible  while  in  others  they  attained  considerable 
proportions. 

These  observations  were  made  in  the  summer  of  1931  at  the  Marine 
Biological  Laboratory  on  seventeen  different  species.  At  that  time 
blood  was  routinely  drawn  from  the  heart.  Later  it  seemed  possible 
that  the  source  of  the  blood  samples  might  in  some  measure  be  respon- 
sible for  the  variations  encountered,  since  in  many  of  the  lower  verte- 
brates the  final  differentiation  of  a  considerable  number  of  erythrocytes 
commonly  takes  place  in  the  intertrabecular  spaces  of  the  ventricle. 
Variations  in  the  depth  of  penetration  of  the  needle  might  then  be  sus- 
pected as  a  possible  cause  of  the  variations  in  the  number  of  immature 
cells,  depending  on  whether  the  tip  of  the  needle  stopped  in  the  inter- 
trabecular spaces  or  passed  into  the  main  channel  of  the  ventricle. 

Consequently  it  was  decided  to  repeat  the  study,  drawing  samples 
of  blood  from  both  the  caudal  vessels  and  the  heart.  In  the  summer  of 
1932  it  was  possible  to  re-study  the  blood  of  many  forms  which  had 
been  available  in  1931  as  well  as  to  extend  the  study  to  include  several 
additional  species.  In  no  case,  however,  was  the  blood  from  the  heart 
and  the  caudal  vessels  found  to  vary  appreciably  in  the  number  of  im- 
mature erythrocytes  present.  Accordingly,  it  was  concluded  that  the 
earlier  observations  were  significant  and  that  the  blood  of  the  different 
species  of  fishes  may  show  specific  differences  in  the  proportions  of 
immature  cells  present  in  the  circulation. 

Information  on  this  subject  appears  to  merit  some  attention.  The 
erythrocytes  of  fishes  are  widely  used  by  physiologists  in  studies  on 
respiration  and  hemolysis,  and  the  varying  number  of  immature  cells 
present  should  be  taken  into  consideration  when  comparisons  of  the 
behavior  of  the  blood  of  different  fishes  are  made. 
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MATERIAL  AND  METHODS 

As  previously  stated,  these  studies  were  carried  on  at  Woods  Hole  in 
the  summers  of  1(>31  and  1932.  The  blood  of  the  fishes  studied  in  1931 
was  drawn  only  from  the  heart,  while  in  1932  samples  were  taken  from 
In itii  tin-  heart  and  caudal  blood  vessels.  In  many  instances  it  was  pos- 
sible to  secure  in  1932  specimens  of  species  studied  the  previous  year, 
but  in  a  few  cases  some  species  were  not  obtainable  in  the  second  sum- 
mer. On  the  other  hand,  several  additional  species  were  available  in 
1932.  In  all.  the  proportion  of  immature  cells  in  the  circulating  blood 
of  twenty  species  was  determined.  Freshly-drawn  blood  was  prepared 
by  three  different  methods.  Supravital  preparations  were  made  by  add- 
ing a  small  drop  of  blood  to  a  slide  previously  filmed  with  a  saturated 
solution  of  brilliant  cresvl  blue  in  absolute  alcohol.  A  circular  cover- 
slip  was  added  and  the  preparation  sealed  with  warm  vaseline.  In  order 
to  secure  by  this  method  slides  on  which  accurate  counts  can  be  made,  it 
is  necessary  to  add  the  proper  amount  of  blood,  just  enough  so  that 
when  the  coverslip  is  added  the  blood  film  will  be  one  cell  thick  and 
barely  reach  the  margin  of  the  cover.  Preparations  which  do  not  fulfill 
these  requirements  are  unsatisfactory  for  quantitative  studies. 

.More  permanent  preparations,  also  demonstrating  the  patterns  of 
reticulation,  were  made  by  mixing  the  blood  thoroughly  with  an  ox- 
alated  solution  of  brilliant  cresyl  blue  in  cold-blooded  Ringer's  solution 
(Cook.  Meyer  and  Tureen.  1931  ).  A  one  per  cent  solution  of  brilliant 
cresyl  blue  and  one  per  cent  solution  of  potassium  oxalate  were  used  in 
the  proportions  nf  one  drop  of  oxalate  to  live  drops  of  stain.  Kqual 
parts  of  blood  and  oxalated  stain  were  thoroughly  mixed  in  a  capillary 
pipette,  spread  thinly  on  a  slide,  and  stained  lightly  by  Wright's  tech- 
nique. In  addition,  ordinary  smears  stained  with  Wright's  were  em- 
ployed to  demonstrate  the  varying  degree-  of  basophilia  and  polychro- 
masia  of  the  immature  cells. 

In  general  it  was  found  that  more  accurate  counts  could  be  made 
when  the  patterns  of  reticulation  were  adequately  developed  with  bril- 
liant cresvl  blue.  Corresponding  counts  ot  immature  cells  in  blood 
stained  onlv  hv  \\  right's  method  ran  uniformlv  lower,  probably  due  to 
the  fact  that  fatigue  occurs  much  more  rapidly  when  the  observer  has 
to  evaluate-  continuously  the  varying  degrees  of  basophilia  and  poly- 
chromasia  present.  Reticulation  patterns,  on  the  other  hand,  are  defi- 
nite and  the  amount  of  reticulation  present  is  much  more  readily 
determined. 

As  shown  in  an  earlier  study  (l)auson.  1932).  remnants  of  the 
reticulation  patterns  persist  in  practically  all  the-  mature  erythrocytes  of 
fishes.  The  degree  of  persistence  varies  somewhat  in  different  species 
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and  also  in  the  individual  erythrocytes  of  the  same  species.  When 
erythrocytes  of  varying  degrees  of  differentiation  are  present,  the  dis- 
tinction between  maturity  and  immaturity  must  at  times  he  a  relatively 
arbitrary  one.  In  this  regard  the  slides  doubly  stained  with  brilliant 
cresyl  blue  and  Wright's  stain  proved  valuable,  since  the  amount  of 
reticulation  and  the  degree  of  basophilia,  polychromasia,  or  eosinophilia 
present  in  the  individual  cells  could  promptly  be  correlated. 

For  the  purposes  of  this  study  the  various  types  of  erythrocytes  en- 
countered were  arbitrarily  divided  into  five  classes  as  follows :  ( 1 )  Ma- 
ture erythrocytes,  with  the  reticular  material  in  scattered  granules  or 
isolated,  irregular  filaments  and  stained  orthochromatically  with  eosin 
in  Wright's;  (2)  less  mature  cells  with  the  reticular  material  forming 
a  loose,  partially  fragmented  reticulum,  staining  orthochromatically  with 
eosin  or  exhibiting  a  slight  polychromasia ;  (3)  younger  cells  with  an 
open-meshed  but  practically  complete  reticulum  and  definitely  poly- 
chromatic; (4)  still  younger  cells  with  a  close-meshed,  complete  reticu- 
lum exhibiting  a  decided  basophilic  tint  when  differentially  stained ; 
(5)  young  cells  with  the  reticular  substance  massed  in  a  dense,  almost 
granular  pattern,  presenting  little  evidence  of  the  true  reticulation  pat- 
tern. These  cells  give  a  definite  basophilic  reaction  but  are  rarely  seen 
except  in  the  elasmobranchs. 

Counts  were  made  under  oil  immersion  at  a  magnification  of  900 
diameters.  In  order  to  facilitate  counting,  a  small  coverslip  was  hand- 
ruled  in  India  ink  with  a  fine  pen  into  areas  2.5  mm.  square.  This  was 
used  as  an  ocular  micrometer  at  the  level  of  the  diaphragm.  Four  such 
areas  could  be  used  in  the  field  of  the  microscope  and  their  size  was  such 
that  the  number  of  erythrocytes  seen  in  an  individual  square  was  small 
enough  to  be  counted  readily  without  any  uncertainty.  In  1931  only 
one  sample  was  drawn  from  the  heart  hut  in  1932  an  additional  sample 
was  drawn  from  the  tail  of  each  fish  and  two  supravital  preparations 
of  each  sample  were  counted.  Twenty  fields  of  four  squares  each  were 
taken  and  the  results  averaged.  In  practice  this  meant  that  about  one 
thousand  cells  were  counted  from  each  sample.  These  values  were  also 
checked  by  similar  counts  made  on  preparations  doubly  stained  with 
brilliant  cresyl  blue  and  Wright's  stain  and  on  preparations  stained  with 
Wright's  alone.  The  number  of  fishes  of  each  species  examined  was 
not  constant  and  data  on  this  point  will  be  included  in  the  description  of 


the  findings. 


RESULTS 


On  the  basis  of  the  number  of  immature  erythrocytes  present  in  the 
circulation,  the  twenty  species  of  fish  fall  naturally  into  four  groups. 
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Sea  Robin,  Prionotus  carolinus  (Linnaeus) 

s«-up,  Stcnotonnis  chrysops  (Linnaeus).  .  .  . 
Butterfish,  Poronotus  trim  anthus  (Peck).  . 

Toadfish,  Opsanus  tan  (Linnaeus)  
Tautog,  Tautoga  onitis  (Linnaeus)  
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The  first  group  comprises  those  in  which  the  proportion  of  immature 
erythrocytes  is  strikingly  high,  approximately  20  per  cent  of  the  total 
erythrocytes.  In  the  second  group  the  number  of  immature  red  cells  is 
much  smaller,  varying  from  3  to  6  per  cent.  In  the  third  group,  the 
erythrocytes  were  practically  all  mature.  The  fourth  group  includes 
the  elasmobranchs.  These  are  grouped  separately  because  their  eryth- 
rocyte  picture  is  quite  different  from  that  of  the  teleosts,  resembling 
more  closely  conditions  found  in  the  cyclostomes,  Dipnoi  (Jordan  and 
Speidel,  1930,  1931),  and  urodeles  (Dawson,  1930).  All  stages  of 
maturing  erythrocytes,  including  erythroblasts,  were  seen  and  frequently 
erythrocytes  in  mitosis  were  encountered  (Maximow,  1923).  Sum- 
marized results  are  shown  in  Table  1. 

In  reading  this  table  it  should  be  borne  in  mind  that  the  mature 
erythrocytes  of  different  species  vary  in  the  amount  of  persistent  reticu- 
lation, the  criterion  for  placing  them  in  Class  I  being  that  the  reticular 
material  exists  as  isolated  granules  or  scattered,  irregular  filaments 
which  may  even  be  branched.  In  general,  the  mature  cells  of  the  fishes 
of  Group  III  contain  relatively  more  remnants  of  the  reticulation  pat- 
terns than  those  of  Groups  I  and  II.  Probably  not  too  much  signifi- 
cance should  be  attached  to  the  relative  numbers  of  cells  in  Classes  II, 
III  and  IV;  the  end-points  for  separating  them  into  these  classes  are 
not  sharp,  and  different  observers  might  vary  appreciably  in  their  deter- 
mination of  the  classes  into  which  such  cells  should  be  placed.  The  fig- 
ures given  are  at  least  indicative  of  the  conditions  to  be  expected,  but 
for  quantitative  work,  where  the  degree  of  maturity  of  the  erythrocytes 
is  of  importance,  reticulation  estimates  should  be  made  for  each  species 
studied. 

DISCUSSION 

Many  of  the  very  active  fishes  are  included  in  Group  I.  In  general 
these  fish  are  characterized  by  their  inability  to  survive  for  any  ex- 
tended period  in  restricted  quarters,  such  as  the  base  of  the  aquarium 
stands  in  the  Marine  Biological  Laboratory,  even  when  a  moderate 
inflow  of  sea  wrater  is  provided.  In  the  case  of  the  common  mackerel 
this  sensitivity  to  confinement  has  been  found  by  Hall  (1930)  to  be  due, 
in  part  at  least,  to  the  peculiar  adaptation  of  its  respiratory  mechanism 
which  permits  the  animal  to  secure  sufficient  oxygen  only  when  it  is 
moving  rapidly  forward,  the  ability  to  respire  in  a  stationary  position 
having  been  practically  lost.  The  same  explanation  may  hold  for  some 
others  of  this  group,  menhaden,  alewife,  summer  herring  and  bluefish, 
but  Hall's  experiments  apparently  have  not  been  extended  to  include 
them.  In  the  case  of  the  eel,  however,  there  is  no  such  sensitivity  to 
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confinement ;  these  animals  may  be  kept  in  tanks  for  days  at  a  time  with- 
out exhibiting  any  signs  of  respiratory  distress. 

The  fishes  of  Group  II  are  less  active  than  those  of  Group  I  and 
may  successfully  be  kept  in  tanks,  while  most  of  those  in  (iron])  III  are 
relatively  sluggish,  frequently  resting  quietly  in  the  water.  Group  IV. 
comprising  the  elasmobranchs,  need  not  be  discu--ed  in  this  connection 
since  their  blood  picture  is  quite  unlike  that  of  teleosts. 

Several  other  sets  of  data  compiled  on  the  blood  of  teleosts  parallel 
rather  closely  the  present  findings  on  the  relative  numbers  of  immature 
erythrocytes  in  the  circulation.  These  data  are  based  on  determinations 
of  hemoglobin  concentration,  si/e  of  the  red  corpu>cles.  numbers  of 
corpuscles  per  cubic  millimeter  of  blood,  lowest  oxygen  tension  at  which 
fish  are  capable  of  removing  dissolved  oxygen  from  sea  water,  and  the 
oxygen  capacities  of  the  blood. 

A  comparison  of  the  hemoglobin  concentration,  measured  in  milli- 
grams of  iron  per  100  cc.  of  blood,  has  been  made  of  a  group  of  marine 
lishcs  by  Hall  and  (  irav  (  1929).  Highest  concentrations,  ranging  from 
41  to  35.5  mg..  were  found  in  the  bonito.  bull's-eye  mackerel,  common 
mackerel,  and  menhaden.  A  second  group,  with  concentrations  ranging 
from  23.7  to  27.7  mg.,  included  the  dinner,  butteriish.  scup  and  sea 
robin.  The  remaining  fishes  of  this  series  vary  more  widelv  in  this 
respect,  showing  concentrations  ranging  from  21.7  to  11.5  mg.  Listed 
in  a  descending  order  these  are  the  rudder  fish,  puffer,  eel,  silver  hake, 
goosefish.  toadlish  and  sand-dab.  Reference  to  Table  I  will  show  a 
general  agreement  between  my  data  and  that  of  Hall  and  Gray,  the  most 
notable  exceptions  being  the  eel  and  dinner.  The  figures  of  Root 
(1931).  covering  several  of  the1  same  species  of  fishes,  also  show  that 
the  high  concentration  of  hemoglobin  is  associated  with  small  cell-si/e. 
high  corpuscle  count,  and  high  volume  per  cent  of  corpuscles. 

It  is  quite  evident  that  all  those  having  high  concentrations  of  hemo- 
globin arc-  the  more-  active  fish.  The  conditions  characterizing  their 
blood  presumably  impose  a  greater  burden  on  the  erythropoietic  centers 
in  that  a  greater  number  of  corpuscles  must  be  maintained.  Any  con- 
siderable acceleration  of  the  rate  of  erythn>c\te  production  is  rather 
generally  accompanied  by  the  appearance  of  less  mature  forms  in  the 
blood  stream. 

Xo  satisfactory  explanation  has  been  given  for  this  appearance  of 
immature  cells  in  the  circulation.  It  is  held  by  some  that  it  is  due  to 
the  limited  volume  of  the  erythropoietic  organ.  \Yith  a  restricted  stor- 
age capacity,  partially  mature  cells  are  forced  out  to  maintain  room  for 
the  newly-forming  cells  (  I'arcroft.  ]('25i.  It  is  probable  that  some 
such  factor  as  rate  of  cnthrocytc  production  is  operative  in  the  fishes  of 
Groups  [  and  I  I. 
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The  underlying  stimulus  for  rapid  erythrocyte  production  is  not 
readily  determined.  In  general  the  blood  picture  of  active  fishes  re- 
sembles the  high-altitude  effect  obtained  in  mammals,  namely,  an  in- 
crease in  total  number  of  red  cells  and  hemoglobin  as  well  as  an  in- 
crease in  the  number  of  young  cells,  reticulocytes.  Barcroft  has  pointed 
out  that  the  basal  principle  of  the  effects  of  high  altitudes  is  that  the 
blood  cell  count  is  a  function  of  the  degree  of  anoxemia.  The  findings 
of  Hall  (1930)  on  the  lowest  oxygen  tensions  at  which  teleost  fishes 
are  capable  of  removing  dissolved  oxygen  from  sea  water  appear  to 
bear  directly  on  the  problem. 

Of  the  fishes  studied  by  Hall  the  mackerel  is  unique,  being  unable 
to  remove  dissolved  oxygen  below  a  partial  pressure  of  70  mm.  Hg. 
Other  fishes  cease  respiration  at  the  following  tensions:  rudderfish,  15.1 
mm.;  dinner,  14.8  mm.;  scup,  13.1  mm.;  butterfish,  11.8  mm.;  sea 
robin,  8.5  mm.;  fundulus,  8.1  mm.;  puffer,  4.7  mm.;  sea  bass,  3.2  mm.; 
tautog,  1.6  mm.;  and  toadfish,  0.0  mm.  The  eleven  species  listed  may 
be  roughly  divided  into  three  groups.  One  group,  represented  by  the 
mackerel,  removes  oxygen  only  at  a  relatively  high  tension,  70  mm.  Hg. 
The  second  group  removes  dissolved  oxygen  between  8  and  15  mm.  Hg. 
pressure,  while  the  third  group  survives  at  tensions  varying  from  0.0 
to  4.7  mm.  Hg.  There  is  thus  a  striking  correspondence  between  this 
grouping  of  teleosts  based  on  ability  to  remove  dissolved  oxygen  from 
sea  water  and  the  grouping  of  the  author  according  to  the  number  of 
the  immature  erythrocytes  present  in  the  circulation.  The  dinner,  how- 
ever, is  a  notable  exception. 

In  an  earlier  study  by  Hall  ( 1929)  of  the  scup  and  toadfish  it  was 
found  that  the  scup  showed  very  little  change  in  its  oxygen  consumption 
with  the  oxygen  tension  between  120  and  40  mm.  Hg.  pressure  but  be- 
low 30  mm.  Hg.  pressure  a  very  sharp  decline  in  oxygen  consumption 
occurred  and  the  fishes  quickly  died  whenever  the  pressure  fell  below 
16  mm.-*  Hg.  In  the  case  of  the  toadfish  the  oxygen  consumption  was 
found  to  be  directly  proportional  to  variations  in  the  oxygen  tension 
between  0  and  118  mm.  Hg.  Also  the  toadfish  lived  for  24  hours  with 
the  oxygen  tension  between  0  and  1  mm.  Hg.  pressure. 

The  studies  of  Hall  (1931),  Hall  and  Gray  (1929),  and  Root 
(1931)  indicate  that  there  is  a  definite  correlation  between  the  trans- 
portation of  oxygen  and  the  environment  and  habits  of  the  fishes. 
Adaptations  of  the  respiratory  mechanisms  are  important  as  shown  by 
Hall  (1930,  1931 )  in  his  studies  of  the  puffer  and  mackerel,  permitting 
one  form  to  secure  an  adequate  oxygen  supply  in  a  stationary  position 
while  the  other  can  do  this  only  when  swimming  rapidly  forward.  As 
already  pointed  out,  sluggish  fishes  have  blood  with  larger  and  less 
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numerous  corpuscles,  low  concentrations  of  hemoglobin  and  lo\v  oxy- 
gen capacities,  while  active  fishes  have  smaller  ami  more  numerous 
corpuscles,  higher  concentrations  of  hemoglobin,  and  high  oxygen  ca- 
pacities— definite  adjustments  between  capacities  and  requirements. 
Further  evidences  of  adjustment  are  also  found  in  the  behavior  of  the 
hemoglobin  at  1<>\\-  carbon  dioxide  tensions.  In  the  presence  of  1  mm. 
of  carbon  dioxide,  a  considerably  greater  tension  of  oxygen  is  required 
to  saturate  the  hemoglobin  of  the  mackerel  than  that  of  either  the  sea 
robin  or  toadtish.  Root  (1931)  thinks  this  may  account  in  part  for  the 
great  susceptibility  of  the  mackerel  to  asphyxiation  (Hall,  1930). 

These  morphological  and  physiological  features  of  the  blood,  re-pre- 
senting adaptations  to  habits  and  environment,  tend  to  make  the  active 
tish  susceptible  to  variations  in  the  oxygen  content  of  sea  water.  The 
high  numbers  of  immature  erythrocytes,  while  probably  largely  the 
result  of  the  normal,  rapid  rate  of  production  of  these  elements,  may 
also  tend  to  be  further  increased  by  stimuli  resulting  from  anoxemia. 
In  other  words  the  margin  of  safety  of  active  fishes  is  reduced  and  the 
normal  condition  of  their  blood  may  readilv  pass  into  a  state  charac- 
teristic of  the  high-altitude  effect  found  in  mammals. 

These  observations  immediately  raise  the-  question  as  to  what  extent 
the  proportion-,  of  immature  cells  found  in  the  teleosts  studied  are  due 
to  the  immediate  response  of  these  fishes  to  varying  degrees  of  asphyxi- 
ation caused  bv  methods  of  transportation  and  retention  in  tanks. 
Studies  on  the  effects  of  asphyxiation  on  the  menhaden  and  puffer  have 
been  made  by  Hall.  Gray  and  Lcpkovsky  (1926)  and  Hall  (1928). 
These  observations  showed  that  asphyxiation  produced  a  definite  in- 
crease in  the  concentration  of  hemoglobin  and  iron  and  in  the  number  of 
reel-blood  corpuscles,  the  increase  being  roughly  proportional  to  the 
length  of  time  of  asphyxiation  (  1(>  to  50  minutes).  The  increased  con- 
centration of  the  blood  constituents  was  explained  by  a  release  of  water 
from  the  blood  into  the  tissues,  since  the  blood  volume  became  dimin- 
ished during  asphyxiation.  Iron,  however,  did  not  increase  in  propor- 
tion to  the-  loss  of  water  or  to  the  increase  in  concentration  of  hemo- 
globin, but  at  a  faster  rate.  The  spleen  showed  a  decrease  in  size 
during  asplix  xiation  and  it  was  suggested  that  the  spleen  is  a  store-house 
for  iron  which  is  released  into  the  blood  during  asphyxiation. 

The  observation  on  the  reduction   in  the  size  of   the  spleen  may  be 

nilicant.  since  in  the  teleosts  this  constitutes  the  major  erythropoietic 

center.      In  the  menhaden,  the  red-blood  cell  count  rose  from  1,988.000 

to  3.598,000  per  cubic  millimeter  during    ?<>  minutes  confinement   in   a 

iled   jar  containing   10  liteis  of   water.      Since  differential  counts   for 

degree  of  persistent   reticulation  were  not  made,  it  is  impossible  to  de- 
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termine  whether  the  increased  mmiher  of  corpuscles  per  cubic  millimeter 
was  due  solely  to  the.  withdrawal  of  water  or  whether  additional  and 
probably  less  mature  erythrocytes  had  left  the  spleen  to  enter  the  circu- 
lation. If  erythrocytes  do  leave  the  spleen  during  asphyxiation,  as  the 
decrease  in  its  size  suggests,  it  would  seem  to  constitute  a  possible  source 
of  the  immature  erythrocytes  encountered  in  the  circulation. 

In  the  present  study  the  environment  of  the  fishes,  especially  as 
regards  oxygen  tension,  was  not  rigidly  controlled.  Fish  were  brought 
from  the  traps  in  the  morning  and  delivered  directly  to  the  laboratory  in 
pails  of  sea  water,  and  many  of  the  more  active  forms  such  as  mackerel, 
menhaden,  alewife,  and  summer  herring  frequently  exhibited  obvious 
signs  of  respiratory  distress  when  received.  However,  counts  made 
from  alewife  and  mackerel  taken  directly  from  a  floating  "  live  car  ' 
did  not  differ  appreciably  from  those  made  on  fish  delivered  by  the  col- 
lecting staff  to  the  laboratory.  Since  the  oxygen  tension  of  the  sea 
water  was  not  determined  at  the  time  blood  was  removed,  no  statement 
can  be  made  as  to  the  degree  of  asphyxiation,  if  any,  to  which  the  fish 
were  subjected. 

The  prime  purpose  of  this  survey  was  to  ascertain  the  relative  homo- 
geneity of  the  erythrocyte  picture  in  fishes  under  ordinary  laboratory 
procedures  when  no  particular  precautions  are  taken  to  insure  an  opti- 
mum environment — conditions  such  as  may  prevail  when  blood  is  ob- 
tained for  studies  on  hemolysis  and  erythrocyte  respiration.  If  the 
varying  degrees  of  asphyxiation  to  which  the  fish  were  possibly  sub- 
jected have  modified  the  blood  picture  as  described  in  this  paper,  then 
such  errors  are  inherent  in  the  data  and  no  correction  for  them  can  be 
made  at  this  time. 

Accordingly  the  variations  in  the  numbers  of  immature  cells  either 
may  represent  the  varying  ability  of  the  fishes  to  respond  to  the  adverse 
conditions  encountered  following  removal  from  their  natural  environ- 
ment or  are  evidences  of  the  specific  adjustments  that  have  been  made 
between  the  production  of  the  oxygen-transporting  elements,  the  red- 
blood  cells,  and  the  structural  adaptations,  the  environment,  and  the 
habits  of  the  fishes.  In  fact,  these  alternatives  need  not  be  mutually 
exclusive.  The  response  to  asphyxiation,  if  proven  to  occur,  may  be 
but  an  exaggerated  picture  of  conditions  normally  present  in  a  particu- 
lar species. 

In  the  elasmobranchs,  as  in  the  cyclostomes,  Dipnoi,  and  urodeles, 
differentiation  and  multiplication  of  erythrocytes  takes  place  to  a  vari- 
able extent  in  the  peripheral  circulation,  and  all  stages,  from  their  hemo- 
blast  progenitors  to  the  completely  differentiated  cells,  may  be  encoun- 
tered. [Mitosis  may  also  occur  in  all  stages  of  differentiation,  short  of 
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actual  maturity.  The  counts  include  only  cells  which  contain  hemo- 
globin, the  hemoblasts  and  proerythroblasts  being  omitted,  and  are 
based  mi  large,  freshly-caught  specimens. 

Y<nmg  dogfish  which  had  been  kept  in  "live  cars"  for  some  time 
showed  a  higher  number  of  immature  cells  as  well  as  an  increase  in  the 
number  of  mitoses.  The  blood  appeared  to  be  in  an  actively  regen- 
erative phase,  probably  brought  about  by  the  conditions  of  confinement 
and  diminished  food  supply.  The  blood  picture  of  elasmobranchs 
stands  in  striking  contrast  to  that  of  teleosts  where  the  erythrocytes 
enter  the  circulation  in  a  much  later  stage  of  differentiation  and  no 
proliferation  by  mitosis  is  observed  in  the  peripheral  circulation. 

SUMMARY 

The  results  of  a  study  of  the  blood  of  the  general  circulation  of 
twenty  species  of  marine  fishes  are  given.  The  number  of  immature 
erythrocytes  present  varies  widely. 

The  differential  erythrocyte  counts  were  based  largely  on  supravital 
preparations  'stained  with  brilliant  cresyl  blue.  This  material  was  sup- 
plemented by  dry-fixed  smears  stained  by  \\'right's  method.  The  retic- 
ulation patterns  produced  by  brilliant  cresyl  blue  arc-  discrete  structures 
and  more  accurate  counts  can  lie  made  on  these  preparations  than  on 
stained  smears  where  the  varying  degrees  of  basophilia  and  polychro- 
masia  are  used  as  criteria  of  immaturity. 

The  twenty  species  of  fish  examined  fall  naturally  into  four  groups. 
In  ( Jroup  1.  including  the  mackerel,  menhaden,  alewife,  summer  herring, 
bluefish  and  common  eel.  the  proportion  of  immature  erythrocytes  is 
high,  approximately  20  per  cent.  In  the  second  group,  including  the 
variegated  minnow,  sea  robin,  scup.  and  butterfish  the  percentage  of 
immature  cells  is  lower,  varying  between  ,}  and  d  per  cent.  In  the  third 
group,  including  toad  fish,  tautog.  dinner,  sea  bass,  pipefish,  sand  dab, 
weak  fish  and  sharksucker,  practically  all  the  erythrocytes  are  mature. 
The  fourth  group,  comprised  of  elasmobranchs,  was  treated  separately 
since  in  these  forms  erythrocytes  are  continuously  differentiated  in  the 
blood  stream  from  primitive  cells  and  may  also  proliferate  mitotically  in 
this  Ideation.  The  number  of  immature  red  cells  in  these  fish  is  also 
great. 

The  \aryinu;  blood  pictures  appear  to  represent  the  result  of  specific 
adaptations  of  fishes  to  such  interrelated  factors  as  their  type  of  external 
respiratory  mechanism,  the  efficiency  of  their  oxygen-transporting  sys- 
tem, their  oxygen  requirements  and  the  oxygen  tensions  of  their  en- 
vironment. In  ( iroup  I  the  general  blood  picture  is  suggestive  of  the 
hiidi-altitude  effect  observed  in  mammals. 
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Many  of  the  fishes  with  high  counts  of  immature  erythrocytes 
quickly  exhibit  signs  of  asphyxiation  when  removed  from  their  natural 
habitat  and  kept  in  tanks.  Hall  has  noted  that  during  asphyxiation  the 
spleen  of  fishes  decreases  in  volume.  This  may  be  correlated  with  the 
entrance  of  immature  erythrocytes  into  the  general  circulation.  Ac- 
cordingly, it  is  possible  that  the  figures  presented  in  this  paper  are  not 
exactly  representative  of  the  condition  of  the  blood  when  such  fish  are 
undisturbed  in  their  natural  environment. 
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OX   THE   RESPIRATORY  FUNCTION   OF  THE  BLOOD 

OF  THE  PORPOISK 

ARDA  A.  GREEX  AND  ALFRED  C.  REDREI.I) 
THE  WOODS  HOLE  OCEAXOGRAIMMC  IXSTITI  nox  * 

The  capture  of  t\vo  porpoises,  I'lmccena  pliocccna  Linn.,  in  the  fish 
trap  operated  by  the  Marine  Biological  Laboratory  has  afforded  an 
opportunity  to  obtain  data  which  have  not  been  available  before  on  the 
conditions  of  equilibrium  between  the  blood  of  ,i  cetacean  and  the 
respiratory  gases.  The  mammals  of  this  order  are  so  strikingly  modi- 
fied morphologically  in  adaptation  to  their  aquatic  life  that  an  examina- 
tion of  the  physico-chemical  properties  of  the  respiratory  fluids  is  at- 
tended with  some  interest.  \Yhilc  the  results  recorded  in  the  present 
paper  require  confirmation  and  extension  in  many  details,  the  general 
picture  of  the  physico-chemical  system  involved  in  transporting  the 
respiratory  gases  is  sufficiently  definite  to  warrant  presentation  in  the 
present  provisional  form. 

The  porpoises  were  brought  from  the  trap  on  May  14  and  placed  in 
a  large  floating  crate  at  the  laboratory.  One  died  on  the  following  day 
and  was  used  to  determine  the  proper  approach  for  cardiac  puncture. 
The  other  lived  until  May  18.  when  it  was  killed  in  the  course  of  experi- 
ment. During  this  period  it  lay  in  the  water  rather  quietly  and  did  not 
-4 niggle  when  held.  On  May  17  fifty  cubic  centimeters  of  blood  was 
drawn  by  puncture  of  the  left  ventricle,  the  needle  being  inserted  one 
inch  behind  and  above-  the  caudal  edge  of  the  left  flipper.  The  porpoise 
did  not  struggle.  A  10  cc.  portion  of  this  blood  was  preserved  under 
oil.  for  the  determination  of  the  carbon  dioxide  content  of  arterial  blood. 
The  remainder  was  used  for  the  determination  of  the  shape  of  the  oxy- 
i  and  carbon  dioxide  dissociation  curves.  Coagulation  was  prevented 
by  the  use-  of  dry  sodium  oxalate.  The  blood  drawn  at  this  time  will  be 
designated  Specimen  .  I. 

The  following  day  an  unsuccessful  attempt  was  made  to  measure  the 
blood  volume  by  the  vital  red  method.  Twenty  cubic  centimeters  of 
blood  were  drawn  from  the  heart  with  some  difficulty  and  it  appeared 
that  both  right  and  left  ventricles  had  been  pierced  as  a  portion  of  the 
-ample  was  not  lullv  oxygenated.  This  sample  was  oxalated  and  used 
for  the  determination  of  oxygen  capacity  and  cell  volume  and  was  desig- 
nated Specimen  /•'. 

+ 
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Immediately  after  drawing  Specimen  B,  the  porpoise  went  into 
asphyxial  convulsions,  evidently  as  the  result  of  cardiac  failure.  The 
thorax  was  opened  and  50  cc.  of  blood  were  drawn  directly  from  the 
ventricle.  This  sample  was  designated  as  Specimen  C  and  was  used  for 
determining  the  effect  of  hydrogen  ion  concentration  upon  the  position 
of  the  oxygen  dissociation  curve. 

METHODS 

Oxygen  and  carbon  dioxide  contents  were  determined  by  using  the 
Van  Slyke  constant  volume  analyzer.  The  gas  mixtures  were  analyzed 
with  a  Haldane  apparatus  after  equilibration  and  the  pressures  calcu- 
lated by  means  of  the  equation  developed  by  Bock,  Field,  and  Adair  (see 
Henderson,  1928,  p.  384).  The  blood  was  equilibrated  with  the  gas 

TABLE  I 

Oxygen  Capacity  and  Volume  of  Erythrocytcs  in  the  Blood  of  Aquatic  Mammals 


Species 

1 
1 
i 

•"orpoisf 
Jhocaen£ 
ahocaeru 

L 
t 

Dolphin 
Tursiops 

Sperm 
Whale 
Physeter 

Sea 
Lion 
Eume- 

Specimen 

A 

B 

C 

cephalus 

stelleri 

Oxygen  capacity,  vol.  per  cent  

22.15 

19.8 

20.44 

19.8 

Oxygen  combined,  vol.  per  cent  

22.20 

21.78 

19.7 
19.35 

20.34 
19.99 

31.8 

29.09 

19.4 

Volume  of  cells  in  1  cc.  blood,  cc  

0.35 

0.35 

0.36 

0.517 

0.29 

Oxygen  combined  in  100  cc.  cells,  vol. 
per  cent 

62.2 

55.4 

55.6 

61.5 

67 

mixtures  at  38°,  preserved  in  blood-sampling  tubes  over  mercury,  and 
promptly  analyzed.  The  original  specimens  of  blood  were  preserved  in 
the  refrigerator  until  used,  and  all  measurements  were  made  within 
twenty-four  hours  of  the  time  the  specimens  were  secured. 

THE  OXYGEN  CAPACITY  OF  THE  BLOOD  AND  OF  THE  ERYTHROCYTES 

Table  I  contains  the  data  obtained  from  the  three  specimens  of  blood 
we  have  examined,  together  with  results  reported  by  Jolyet  (1902)  for 
the  dolphin  and  sperm  whale,  and  by  Florkin  and  Redfield  (1931)  for 
the  sea  lion.  The  oxygen  capacities  we  obtained,  like  those  observed  in 
the  sea  lion,  are  of  the  same  magnitude  as  those  commonly  found  in  ter- 
restrial mammals.  They  contrast  strongly  with  the  higher  values  re- 
corded by  Jolyet  and  Sellier  (1896-97)  for  the  porpoise  (30.9  volumes 
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per  cent),  by  Jolyet  ('1902')  for  the  dolphin  and  sperm  whale,  and  with 
the  values  of  42.5  and  45.1  volumes  per  cent  reported  by  Sudzuki 
(  1924  )  for  the  blood  of  porpoises.  \Yhether  these  differences  are 
characteristic  of  the  different  species  in  <|iu-stion.  or  are  due  to  acci- 
dental causes.  Mich  as  a  possible  amemic  condition  of  the  individuals 
yielding  the  lower  values,  or  to  experimental  errors,  cannot  be  decided 
until  more  data  are  available.  \Ye  were  impressed  with  the  rapidity 
with  which  the  corpuscles  settled  out  when  the  porpoise  blood  was  al- 
lowed to  stand  and  believe  that  errors  large  enough  to  account  for  the 
differences  reported  for  the  different  species  might  readily  arise  from 
this  cause  were  it  not  guarded  against.  The  observations  are  all  in 
agreement  in  showing  that  a  given  volume  of  the  corpuscles  of  these 
aquatic  mammals  combines  more  oxygen  than  does  an  equal  volume  of 

TAP.LF.  IT 
I><i!ii  mi  ciirl'tui  din.vidc  cquilihriuiii  in  /><>r/M/.\v  I'luoil.     Temperature,  38°  C. 


Specimen  A 

Oxygen  pressure 

Carbon  dioxide  pressure 

Carbon  dioxide  content 

mm.  /' 

150  ca. 

til  m  .  fl  i; 

30.7 

vol.  per  cent 

35.8 

150  ca. 

51.3 

40.0 

I*..-' 

150  ca. 

41.0 

25.6 
25.5 

Specimen  (' 

150  ca. 

51.1 

-  2().7 
29.0 

1.4 

51.8 

32.45 
32.30 

eorpuseles  of  the  terrestrial   mammals,   in   which    100  cc.  of   corpuscles 
have  an  oxygen  eapaeitv  of  about  45  CC. 

THE  CAKHON  Dioxini:  DISSOCIATION'  CURVE 

Table  II  records  the  data  obtained  by  equilibrating  Specimens  A 
and  ('  with  carbon  dioxide.  From  these  data  the  carbon  dioxide  clis- 
-"<-iation  nines  illustrated  in  Kig.  1  have-  been  constructed  by  making 

of  the  approximation  (  Henderson.  I'.oek.  Dill,  and  Edwards,  1930)  : 

log  7-      A\og(pCOJ+B, 
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in  which  T  is  the  total  carlxm  dioxide  content  of  the  blood,  A  and  B  are 
constants,  and  pCO.,  is  the  carbon  dioxide  pressure.  The  curve  con- 
structed from  data  on  Specimen  ./  does  not  differ  greatly  from  that  of 
normal  man,  though  the  carbon  dioxide  combined  at  any  pressure  is 
somewhat  less.  The  curve  for  Specimen  C  represents  blood  drawn  fol- 
lowing death  from  asphyxia,  and  the  combined  carbon  dioxide  is  conse- 
quently less  at  each  carbon  dioxide  pressure. 

These  curves  may  be  used  for  comparing  the  buffer  action  of  por- 
poise blood  with  that  of  human  blood.  Henderson,  Bock,  Dill,  and 
Edwards  (1930)  have  prepared  a  nomogram  showing  the  relation  be- 
tween the  slope  of  the  carbon  dioxide  dissociation  curve,  its  height,  and 
the  hemoglobin  content  of  human  blood  based  on  an  examination  of 
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FIG.  1.     Carbon  dioxide  curve  of  blood  of  porpoise.     Upper  curve.   Specimen 
A.     Lower  curve,  Specimen  C.     For  data  see  Table  II. 

some  117  specimens.  In  Table  III  are  recorded  the  values  of  Hb,  the 
hemoglobin  content  as  measured  by  oxygen  capacity ;  T4(1,  the  carbon 
dioxide  content  at  40  mm.  carbon  dioxide  pressure;  and  A,  the  differ- 
ence in  carbon  dioxide  content  at  30  and  60  mm.  carbon  dioxide  pres- 
sure as  deduced  from  the  curves  and  data  describing  Specimens  A  and 
C.  In  this  table  are  also  recorded  the  values  of  A  characteristic  of  hu- 
man blood  having  equivalent  values  for  Hb  and  T.(ll,  taken  from  the 
nomogram  of  these  authors.  Both  specimens  of  porpoise  blood  have 
slightly  higher  values  of  A  than  does  comparable  human  blood.  The 
differences,  however,  are  not  greater  than  might  be  accounted  for  by 
experimental  error.  Comparable  data  for  the  blood  of  the  sea  lion, 
from  the  measurements  of  Florkin  and  Redfield  (1931),  and  mean 
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values  for  dog  blood  given  by  Dill.  Fdwards,  Florkin,  and  Campbell 
(1932)  are  included  in  tbe  table.  The  comparison  serves  to  emphasize 
the  similarity  of  the  bloods  when  regarded  as  systems  for  transporting 
carbon  dioxide. 

Table  II  contains  measurements  of  the  carbon  dioxide  content  of  a 
-ample  of  Specimen  C  equilibrated  with  carbon  dioxide  in  the  virtual 
absence  of  oxygen.  Comparing  the  results  with  the  value  obtained  from 
the  curve  in  Fig.  1  for  the  same  carbon  dioxide  pressure,  it  appears  that 
the  reduced  blood  combines  about  2.86  volumes  per  cent  more  carbon 
dioxide  than  does  oxygenated  blood.  This  effect  is  similar  to  that  ob- 
served in  other  mammalian  bloods  but  is  rather  smaller  than  usual  for 
blood  of  comparable  oxvgen  capacity. 

TABLE  III 

Comparison  of  Buffer  I  \ilite  />/  Oxygenated  Porpoise  and  Sea   Lion  Blood  with 

that  of  Man 


T<o 

Teo  —  Tso 

lib 

COi  con- 

calculated 

Species 

Oxvgen 

tent  at 

A  obscrvi  <1 

from 

Ratio 

capacity 

pco« 

human 

=  40  mm. 

blood 

miUiequiv. 

millieriuiv. 

tnilliequiv. 

milliequiv. 

Per  liter 

per  liter 

per  liter 

per  liter 

Porpoise 

Specimen  -\ 

9.73 

18.18 

6.52 

5.80 

1.12 

Specimen  C  

8.93 

11.22 

5.12 

4.70 

1.09 

Sea  Lion  

8.88 

16.02 

5.32 

5.30 

1.00 

Dog  (Mean)  ....           

9.7 

18.1 

5.78 

5.76 

1.00 

Tin-:  (  >XY<;KX 

Data  on  the  equilibrium  of  Specimen  .  /  with  oxvgen  are  presented 
in  Table  IV.  In  order  to  tit  the  measurements,  the  oxygen  dissociation 
curve  shown  in  Fig.  2  was  drawn  using  Mill's  equation 


A'.r" 


:  100. 


1  +  Kx* 

in  which  v  is  the  ]iercentage  saturation  of  the  hemoglobin,  .r  the  oxygen 
]iressure.  A"  =0.00102  and  ;/  2.1.  The  carbon  dioxide  pressure  of 
these  samples  was  about  4<>.5.  corresponding  to  a  carbon  dioxide  content 
of  44  volumes  per  cent.  Taking  pl\  (>.14,  yields  a  value  for  pH  of 
7.2''.  The  values  for  //  which  have  been  used  to  characterize  the  blood 
of  man  vary  from  2.2  to  2.5.  The  shape  of  the  oxygen  dissociation 
curve  of  the  porpoise  so  far  as  it  is  characterized  by  n  does  not  differ 
markedly  from  human  blood. 
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The  portion  of  Specimen  A  which  was  collected  under  oil  had  a  car- 
hon  dioxide  content  of  45  volumes  per  cent,  corresponding  to  a  carbon 
dioxide  pressure  of  49  mm.  and  a  pH  of  7.27.  Consequently  the  oxygen 
dissociation  curve  in  Fig.  2  represents  approximately  the  conditions 
characteristic  of  the  blood  in  I'ii'o,  if  one  neglects  the  change  in  oxygen 
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FIG.  2.  Oxygen  dissociation  curve  of  blood  of  porpoise  at  a  carbon  dioxide 
pressure  of  approximately  46  mm. — equivalent  to  that  of  arterial  blood.  For  data 
see  Table  IV. 

equilibrium,  due  to  the  increased  carbon  dioxide  content  of  the  venous 
blood. 

THE  EFFECT  OF  HYDROGEN  ION  CONCENTRATION  ON  THE  OXYGEN 

DISSOCIATION  CURVE 

Table  V  contains  data  for  the  oxygen  equilibrium  of  samples  of 
Specimen  C  obtained  at  a  variety  of  carbon  dioxide  pressures.  Using 

TABLE  IV 

Data  on  the  equilibrium  of  oxygen  zvith  porpoise  blood,  Specimen  A. 

Temperature,  38°  C. 


Carbon  diox- 
ide pressure 

Oxygen 
pressure 

Oxygen 
content 

Oxygen 
dissolved 

Oxygen  as 

oxyhemoglobin 

Saturation 

mm.  Hg 

mm.  Hg 

vol.  per  cent 

vol.  per  cent 

vol.  per  cent 

per  cent 

46.5 

13.0 

3.14 

0.03 

3.11 

14.3 

46.4 

18.1 

5.30 

0.05 

5.25 

24.1 

46.6 

27.5 

9.37 

0.07 

9.28 

42.5 

47.2 

34.9 

12.86 

0.09 

12.77 

58.6 

38.7 

38.7 

14.95 

0.12 

14.83 

68.1 

42.7 

51.4 

16.98 

0.15 

16.83 

77.3 

air 

air 

22.18 

0.40 

21.78 

100.0 
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Hill's  equation  and  taking  the  value  of  /;  =2.1.  the  values  of  K,  and  of 
/'so  (tnr  "*yg'en  tension  at  which  the  blood  would  be  half  saturated  with 
oxygen)  have  been  calculated.  As  an  empirical  procedure  this  practice 
involves  only  the  assumption  that  the  form  of  the  oxygen  dissociation 
curve,  determined  by  the  value  of  ;;.  remains  unchanged  at  various  car- 
bon dioxide  tensions.  This  assumption  is  amply  justified  by  the  be- 
havior of  other  mammalian  hemoglobins.  The  hydrogen  ion  concentra- 
tion of  the  various  samples  have  also  been  calculated  with  the  aid  of  the 
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flit 


FlG.  .v  Relation  of  />•.,„  tin-  oxygen  tension  at  \vhich  blood  is  half  saturated, 
;md  the  pll  of  the  serum  of  whole  blood.  For  data  see  Table  V  and  references  in 
text.  Hollow  circle,  porpoise  Specimen  ./.  Solid  circles,  porpoise  Specimen  C. 

carbon  dioxide  dissociation  curve  for  Specimen  C  in  Fig.  1.      From  these 
values  the  relation  between  pBO  and  pll  shown  in  Fig.  3  has  been  plotted. 
For  precise  comparison  of  the  properties  of  hemoglobin  in  the  blood 
of  different  animals  the  properties  should  be  referred  to  the  pll  of  the 
11  contents.      Unfortunately  our  studies  did  not  include  the  measure- 
ment^ ncces>arv  to  enable  us  to  calculate  this  value.     \Ye  have  conse- 


TABLI-:  V 

!>(tl<i  <>n  the  equilibrium  of  o.rynen  :«.'///;  /vr/'i'MV  blood   (Specimen  C)   at  different 
carbon  dioxide  tensions.     Temperature,  38°  C. 
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15.1 
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87.6 
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41.2 

1.664 

6.95 
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M.I 

58.3 

1.660 

6.94 
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qucntly  compared  the  values  of  />,,0  obtained  at  different  carbon  dioxide 
pressures  with  those  characterizing  other  bloods  when  the  pH  of  the 
serum  of  the  whole  blood  was  the  same.  This  comparison  is  included 
in  Fig.  3,  the  data  for  the  horse  and  for  man  being  taken  from  the 
nomograms  given  by  Henderson  (1928)  ;  that  for  the  sea  lion  is  calcu- 
lated from  the  data  of  Florkin  and  Redfield  (1931).  When  compared 
on  this  basis  the  hemoglobin  of  the  porpoise  does  not  differ  strikingly 
from  that  of  other  mammals  and  does  not  differ  from  the  blood  of  nor- 
mal man  much  more  than  the  blood  of  men  differ  from  one  another. 

DISCUSSION 

The  preceding  observations  all  tend  to  indicate  that  the  general 
physico-chemical  properties  of  the  blood  of  the  porpoise  are  very  simi- 
lar to  those  of  the  terrestrial  mammals.  Even  in  the  strictly  quanti- 
tative aspects  of  the  various  properties  of  the  blood  one  can  detect  very 
little  variation  from  the  mean  conditions  observed  in  human  blood.  The 
increased  concentration  of  hemoglobin  in  the  corpuscles  of  the  cetaceans 
and  the  sea  lion  is  perhaps  the  only  clear-cut  condition  which  might  be 
regarded  as  an  adaptation  to  the  more  rigorous  respiratory  requirements 
of  aquatic  life. 

Unfortunately,  our  attempts  to  determine  the  blood  volume  of  the 
porpoise  were  unsuccessful.  This  relation  is,  in  our  opinion,  the  most 
important  aspect  of  the  respiratory  mechanism  which  remains  to  be  ex- 
amined. One  cannot  help  being  struck  by  the  richness  of  the  muscular 
tissue  in  hemoglobin.  It  seems  probable  that  in  this  condition,  and  per- 
haps in  other  modifications  of  the  chemical  situation  in  the  muscles, 
adaptations  to  aquatic  life  may  be  found. 

It  should  be  pointed  out  that  the  porpoise  is  not  in  the  habit  of  re- 
maining submerged  for  long  periods  of  time  when  compared  to  the 
larger  Cetacea  and  certain  other  aquatic  mammals.  Parker  (1932)  re- 
cords that  in  a  porpoise  confined  in  a  large  tank,  the  average  respiratory 
interval  was  15.48  seconds.  The  shortest  interval  observed  was  6.5  sec- 
onds, the  longest  31.7  seconds.  These  are  not  strikingly  greater  than 
the  intervals  of  inspiration  in  man  and  might  easily  be  maintained,  at 
least  temporarily,  by  voluntary  effort  in  his  case.  When  feeding  in  the 
open  sea,  one  might  expect  the  intervals  to  be  greater  and  Jolyet  and 
Kiikenthal  (quoted  by  Parker)  note  that  dolphins  may  remain  under 
water  much  longer,  Jolyet  setting  the  maximum  at  about  fifteen  minutes. 
The  general  testimony  of  whalers  indicates  that  the  larger  Cetacea  are 
in  the  habit  of  remaining  submerged  for  much  longer  periods.  Whether 
more  distinct  adaptations  of  the  physico-chemical  mechanisms  of  the 
blood  will  be  found  in  such  forms  remains  to  be  seen. 
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SUMMARY 

Tlu-  properties  of  the  blood  of  the  porpoise,  Phoccena  pliocana,  cou- 
riered as  a  system  for  the  transport  of  oxygen  and  carbon  dioxide,  have 
been  examined. 

It  does  not  appear  that  the  morphological  changes  adapting  these 
animals  for  aquatic  life  are  accompanied  by  significant  modifications  in 
the  physico-chemical  properties  of  the  blood. 

The  only  striking  characteristic  of  porpoise  blood,  when  compared 
with  that  of  terrestrial  mammals,  is  an  increased  concentration  of  hemo- 
globin in  the  corpuscle-. 
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THE  EXTERNAL  FIBRILLAR  SYSTEM  OF  EUPLOTES 
WITH  NOTES  ON  THE  NEUROMOTOR  APPARATUS 

JOHN  P.  TURNER 

(From  the  Department  of  Zoology,  University  of  Minnesota,  and  the  Marine 
Biological  Laboratory,  Woods  Hole,  Mass.) 

The  nature  of  the  external  fibrillar  system  of  ciliate  Protozoa  ("  Sil- 
berliniensystem  "of  Klein,  \926a,  \926b~)  and  its  relation  to  the  better- 
known  neuromotor  apparatus  as  first  described  by  Sharp  (1914)  for 
Diplodinium  has  been  the  subject  of  considerable  research  of  late  years. 
Marked  differences  of  opinion  obtain  as  to  the  function  of  both  these 
types  of  fibers  and  even  their  structure  has  not  been  agreed  upon. 

With  the  hope  of  solving  some  of  the  problems  concerned,  Euplotes 
patella  was  chosen  for  the  subject  of  this  investigation  chiefly  because 
its  neuromotor  system  is  probably  better  known  than  that  of  any  other 
ciliate.  Its  description  given  by  Yocum  (1918)  and  the  demonstration 
of  its  function  by  Taylor  (1920)  serve  as  two  of  the  chief  milestones 
toward  an  understanding  of  the  fibrillar  makeup  of  ciliates. 

The  description  of  the  external  fibrillar  network  in  E.  patella  was  originally 
undertaken  by  Mr.  Samuel  Yabroff  in  1925  at  the  University  of  California.  Later 
he  gave  up  this  work  when  he  entered  medical  school  and  turned  the  problem  over 
to  me  with  the  statement  that  he  was  no  longer  interested  in  it. 

This  work  was  aided  by  a  research  grant  from  the  Graduate  School  Research 
Fund  of  the  University  of  Minnesota. 

TECHNIQUE 

Euplotes  for  this  study  was  cultivated  in  mass  on  wheat  and  timothy 
hay  as  described  by  Turner  (1930).  The  methods  of  fixation  and 
staining  or  silver  impregnation  are  outlined  below. 

For  the  External  Fibrillar  System 

Silver  method  of  Klein  (1926/>).  This  gave  fair  results  but  drying 
caused  too  much  distortion.  Fixing  first  in  osmic  vapor  helped  some. 

Brown's  (1930)  method  of  using  thionin  after  Mann's  fixation  did 
not  show  the  fibrils  at  all.  Like  Liebermann's  (1929)  nigrosin  method 
it  is  excellent  for  Parainechtm  but  useless  for  Euplotes. 

Silver-gelatin  method  of  Chatton  and  Lwoff  (1930).  A  few  speci- 
mens that  are  around  the  border  of  the  main  drop  of  gelatin  show  the 
network  very  well,  but  it  is  difficult  to  get  just  the  proper  amount  of 


gelatin  on  the  slide. 


53 


54  JOHN  P.  TURNER 

Formol-osmium-toluidin  blue  method  of  Gelei  (1927)  was  useless 
as  mi  differentiation  could  be  obtained. 

The  technique  which  consistently  gave  the  best  results  for  whole 
preparations  was  a  variation  of  Klein's  and  Gelei  and  Horvath's  (1931) 
methods:  Place  a  small  drop  of  material  containing  the  organisms  on  a 
clean  slide-  previously  smeared  with  a  light  coat  of  egg  albumen.  Draw 
off  excess  water  with  a  micro-pipette.  Fix  with  osmic  acid  vapor  for 
about  three  seconds.  This  may  be  easily  done  by  simply  inverting  the 
slide  over  a  bottle  containing  2  per  cent  osmic  acid.  Place  slide  in  a 
cool  breeze  (4°  to  15°  C.)  until  the  material  is  nearly  but  not  quite  dry 
in  the  center.  Flood  gently  with  two  or  three  drops  of  2  per  cent  silver 
nitrate.  A  few  of  the  organisms  will  be  lost  but  most  of  them  will  be 
caught  in  the  albumen.  After  4  to  8  minutes  in  the  silver  nitrate,  pour 
off  tin-  excess  and  place  the  slide  in  a  white  dish,,  or  glass  dish  over  white 
paper,  containing  enough  distilled  water  to  cover  the  slide.  Place  in 
tin  sun  in  a  cool  place  and  watch  the  progress  of  the  reduction  by  occa- 
sional examinations  with  the  microscope.  "When  the  desired  depth  has 
been  obtained,  wash  thoroughly  in  distilled  water,  dehydrate,  and  mount. 
1  t  slower  reduction  is  desired,  exposure  to  bright  skv  but  not  to  the  sun 
is  efficacious.  This  method  gives  strikingly  clear-cut  results. 

Aside  from  the  silver  impregnation  methods  the  only  way  found  of 
demonstrating  the  network  with  any  degree  of  clarity  and  completeness 
is  by  drying  specimens  on  a  clean  slide  and  staining  with  thionin.  This 
is  done  by  simply  flooding  the  specimens  with  a  0.5  per  cent  aqueous 
solution  of  the  stain  for  a  few  seconds,  rinse  and  dehydrate  as  rapidly 
as  possible,  clear  and  mount.  While  this  method  gives  essentially  the 
same  picture  as  the  silver  methods,  less  contrast  is  obtained  by  it. 

Bresslau's  (1921)  method  was  used  but  did  not  prove  satisfactory 
for  /:'.  patella  although  it  is  good  fur  I'arauicchini. 

For  sectioning,  the  onlv  method  worth  mentioning  favorably  out  of 

(•  *  O  J 

the  many  tried  is  that  of  (  lelei  and  1  lorvath  ( 1^31 ) ,  using  the  maximum 
strength  and  time  for  the  silver  nitrate.  After  clearing,  some  of  the 
material  was  mounted  whole  and  the  rest  embedded  and  sectioned  3  to  15 
microns  thick.  These  sections  wen-  valuable  chiefly  in  showing  the 
location  of  the  libers  in  the1  protoplasm. 

Although  1  have  tried  maiiv  times  to  repeat  the  method  used  by 
Yahroff  (1(>2S)  uii  Knplolcs.  1  have  consistently  failed  to  get  satisfac- 
tory results.  Others  in  private  correspondence  have  reported  similar 
failures,  but  I'iekard  (1927)  reports  conspicuous  success  with  it  on 
/•'«,••(•;•/</.  In  mv  opinion  it  is  a  capricious  technique  but  one  which  has 

sihilities  and  with  good  fortune  and  the  proper  twist  of  the  wrist  will 
hi'  found  valuable,  flit m  ritciin  stains  used  were  neutral  red,  Janus 
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green  B,  dahlia  violet,  methylene  blue,  dilute  hsematoxylin,  and  thionin. 
All  were  tried  in  concentrations  of  from  1-1,000  to  1-100,000.  Neutral 
red  at  about  1-10,000  gave  the  best  results. 

For  the  Xeitronwtor  Apparatus 

Zenker's  and  the  picro-mercuric  fluid  of  Yocum,  followed  by  Mai- 
lory's  connective  tissue  stain  as  used  by  Sharp.  Sections  2,  4,  6,  8,  10, 
15,  and  20  microns  thick  were  made  in  addition  to  whole  mounts.  Beau- 
tiful preparations  were  obtained  with  this  stain  following  either  fixative, 
but  the  colors  fade.  In  the  thicker  sections  and  the  whole  mounts  the 
general  picture  is  seen  fairly  well,  while  the  details  may  be  better  studied 
in  the  thinner  sections.  Whole  mounts  were  usually  fixed  in  picro- 
mercuric  as  the  high  alcohol-ether  content  caused  the  organisms  to  ad- 
here to  the  slides  much  more  readilv  than  did  Zenker's. 
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FIG.  1.  Dorso-lateral  view  of  external  fibrillar  system  of  Enplotes  patella. 
Rosettes  and  sensory  bristles  from  neutral  red  specimen,  the  rest  from  silvered 
specimen.  Ant.  in.  /.,  anterior  membranelle  fibril;  com.  fib.,  commissural  fibril; 
mar.  fib.,  marginal  fibril:  mcd.  in.  /.,  median  membranelle  fibril;  mem.  pi.,  mem- 
branelle plate;  post.  m.  /..  posterior  membranelle  fibril;  pri.  fib.,  primary  fibril; 
ray.,  rosette ;  sec.  fib.,  secondary  fibril ;  sen.  br.,  sensory  bristle. 

Delafield's,  Heidenhain's,  Apathy's  and  Dobel's  haematoxylins  were 
used  following  Schaudinn's,  both  hot  and  cold,  and  Flemming's  strong 
fixing  fluids.  Schaudinn's  followed  by  Heidenhain's  gave  the  best  re- 
sults with  whole  mounts  while  Flemming's  and  Heidenhain's  proved  the 
most  satisfactory  for  sections. 

Many  other  methods  were  tried  without  conspicuous  success. 

Intra  I'itaiu  stains  as  mentioned  above  for  the  external  fibers  were 
used.  Neutral  red  1-20,000  allowed  to  act  for  1  to  3  hours,  and  thionin 
of  about  the  same  dilution  were  found  most  useful. 
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THE  EXTERNAL  FIBRILLAR  NETWORK 

Tin-  convex  dorsal  surface  of  En  plot es  patella  shows  seven  to  nine 
longitudinal  rows  of  granules  arranged  in  little  rosettes  (Fig.  1).  From 
the  center  of  each  rosette  a  bristle  protrudes  externally.  Griffin  (1910) 
states  that  in  II.  worccstcri  sensory  bristles  protrude  from  these  rosettes, 
and  recently  Jacobson  (1931),  using  a  silver  technique,  describes  and 
figures  a  central  bristle  protruding  from  a  ring  instead  of  a  rosette,  in 
E.  patella. 

1  have  observed  these  bristles  not  only  in  material  impregnated  with 
silver,  but  also  in  living  specimens  stained  infra  I'itani  with  neutral  red. 
Each  bristle  is  about  two  microns  long  and  perhaps  one-tenth  micron 
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IMC.  2.  Enlarged  section  of  dorsal  body  wall  to  show  position  of  fibrils  in 
ectoplasm.  Note  several  places  where  fibrils  were  not  cut  off  clean  with  the  sec- 
tion. Ect.,  ectoplasm;  end.,  endoplasm ;  other  labels  as  in  Figure  1. 

thick.  Tts  base  is  surrounded  by  four  to  eight  elongate  granules  ar- 
ranged radially  (Fig.  2).  Tn  silver  preparations  the  granules  of  the 
rosette  are  usually  clumped  into  a  single  blob  as  seen  in  the  photomicro- 
graph (Pis.  I.  II,  and  III).  That  the  bristles  are  not  cilia  is  evident 
from  the  fact  that  they  are  not  vibratilc,  although  it  is  quite  possible 
they  have  been  evolved  from  ancestral  cilia. 

Connecting  up  the  rosettes  are  seven  to  nine  (usually  nine)  longi- 
tudinal fibrils.  These  I  have  called  the  primary  fibrils  as  they  are  the 
licaviot  and  most  easily  seen,  and  because  they  are  associated  with  the 
bristle^  and  rosettes.  Halfway  between  the  primaries  and  extending 
parallel  to  them  are  the  secondary  fibrils  which  are  only  slightly  less 
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regular  than  the  primaries.  In  addition  to  these  there  are  connnissural 
fibrils  extending-  across  from  the  primaries  to  the  secondaries  causing  the 
secondaries  to  appear  as  though  pulled  slightly  out  of  line.  This  cre- 
ates a  veritable  network  or  latticework  which  is  remarkably  constant 
in  appearance,  the  squares  of  which  average  about  four  microns  across 
(Pis.  I  and  II).  All  these  structures  have  been  observed  in  neutral  red 
material  demobilized  with  osmic  acid  vapor.  This  reminds  one  of  Fig. 
F  in  Pickard's  (1927)  paper  on  Boveria.  Myonemes,  however,  have  no 
place  in  Euplotcs  as  the  cortex  is  rigid. 

Anterially,  the  network  is  connected  with  the  posterior  membranelle 
fiber  (Fig.  1)  at  the  edge  of  the  dorsal  cortex.  Both  primaries  and  sec- 
ondaries are  fastened  to  this  fibril  either  directly  or  by  a  more  or  less 
irregular  anastomosis  of  the  fibrils. 

Anterior  to  the  dorsal  cuirass  is  the  collar  in  whose  surface  is  seen 
an  extension  of  the  fibrillar  system,  part  of  which  was  described  by 
Yocum.  Extending  anterio-ventrally  is  the  row  of  basal  plates  of  the 
membranelles  (Fig.  1).  These  are  attached  to  the  posterior  mem- 
branelle fibril  at  the  proximal  end  and  extend  about  two-thirds  the  dis- 
tance to  the  margin  of  the  lip  where  they  connect  with  the  anterior  mem- 
branelle fibril  by  means  of  short  commissures  that  extend  from  their 
tips.  This  anterior  membranelle  fibril  is  the  "  membranelle  fiber " 
(anterior  cytostomal  fiber)  of  Yocum's  neuromotor  apparatus.  This 
in  turn  is  connected  to  the  marginal  fibril  by  short  commissures.  Link- 
ing up  the  basal  plates  of  the  membranelles  is  still  another  fibril  about 
two-thirds  the  distance  to  their  anterior  tips.  This  median  membranelle 
fibril  is  seen  only  in  the  clearest  preparations  as  it  is  easily  blocked  out 
by  the  heavy  impregnation  of  the  membranelle  plates.  In  all  probabil- 
ity it  was  part  of  this  collar  equipment  that  Yocum  saw  and  considered 
sensory  structures. 

On  the  ventral  surface  of  E.  patella  the  network,  instead  of  being 
composed  of  a  cross-hatching  of  lines,  appears  less  regular  and  reminds 
one  of  badly  treated  chicken  wire  (Plate  III).  Hexagons  form  a 
rather  prominent  part  of  the  network  while  rectangles,  squares,  etc.,  are 
not  infrequent.  The  pattern,  however,  as  seen  in  any  of  the  individuals 
is  surprisingly  constant  and  characteristic.  For  example,  the  hexagons 
of  the  ventral  surface  of  the  oral  lip,  the  long  slender  rectangles  extend- 
ing posterior  to  the  tip  of  the  peristomal  field,  and  the  squares  of  the 
lateral  phlanges  are  always  present.  The  squares  of  the  lateral  phlanges 
are  made  by  fibrils  similar  to  those  of  the  dorsal  surface,  the  marginal 
fiber  being  a  secondary  and  the  submarginal  being  a  primary  fibril  pro- 
vided with  rosettes  and  sensory  bristles  as  are  those  of  the  dorsal  sur- 
face. 
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KXIM.AN  ATIOX  OF  PLATE  I 
<>i'  <lcn-y;il  network  nf  /:.  patella.     Silver  nitrate  preparation. 
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EXPLANATION  OF  PLATE  II 

Photomicrograph   of   dorsal   network   of  another   specimen.     Rosettes   can  be 
seen  clearly  near  the  sides  as  single  blobs.     Silver  nitrate  preparation. 
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EXPLANATION  OF  PLATE  III 

Photomicrograph  <>f  ventral  network  of  /:.  patella,     m.  p.,  membranelle  plate 
in  lateral  peristomal  field;  r.,  rosette.     Silver  nitrate  preparation. 
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EXPLANATION  OF  PLATE  IV 

Camera  lucida  drawing,  ventral  view,  of  E.  patella  showing  the  anal  cirri  fibers 
of  the  netiromotor  apparatus  passing  directly  into  the  collar,  unbroken  by  a  moto- 
rium.  All  other  cirri  and  fibers  omitted  from  the  drawing.  A.  c.  /.,  anal  cirri 
fibers ;  cyt.  rcc.,  cytostomal  recess.  Schaudinn's  and  Heidenhain's  hsematoxylin. 
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The  basal  plates  of  the  membranelles  located  in  the  left  margin  of 
tin-  peristomc  (Plate  III  and  l<~ig.  3)  are  deeply  impregnated  by  the 
silver  and  appear  like  ties  of  a  railroad  track.  Extending  down  the 
center  of  the  "  roadbed  "  like  a  loosely  strung  wire  is  the  fibril  which 
connects  basal  plate  to  basal  plate — a  continuation  of  the  median  mem- 
branelle  fibril.  Bordering  each  side  of  the  peristoinal  field  of  mem- 
branelles and  in  direct  contact  with  the  ends  of  the  basal  plates  are  the 
two  other  membranelle  fibrils. 

Sectioned  material  shows  the  fibrils  of  both  dorsal  and  ventral  net- 
works to  be  immediately  under  the  pellicle  and  in  contact  with  it.  They 
appear  round  in  cross-section  and  the  fibrous  nature  is  disclosed  by  the 
fact  that  frequently  they  are  not  cut  off  clean  with  the  section  but  pro- 
trude from  the  edge  like  loose  threads  at  the  end  of  a  frayed  piece  of 
cloth  (Fig.  2). 


tn.jn.f- 


—p-mf. 


I-'ji,.  .v  Camera  lucida  sketch  of  a  portion  of  the  membranclle  field  at  about 
point  m.  p.  in  Plate  III,  but  taken  from  another  specimen.  ./.  in.  /.,  anterior  mem- 
branelle fibril:  ;;;.  in.  /..  median  membranelle  fibril:  /'.  in.  /.,  posterior  membranelle 
fibril,  all  continued  d"\vn  ]"mm  collar  region.  Silver  nitrate  preparation. 

It  is  worthy  of  note  that  the  apparent  heavy  nature  of  the  fibrils  is 
due  to  the  impregnation  of  silver,  as  in  material  stained  ultra  vitam  the 
fibrils  appear  as  exceedingly  delicate  strands. 

Xl-.rUOMOTOK    Al'l'AKA  I  I   S 

Ue-arding  the  nenromotor  apparatus,  my  observations  tend  to  con- 
linn  those  of  Yocnm  except  in  the  matter  of  the  motorinm.  The  fibers 
from  the  bases  of  all  cirri  except  the  anals  were  found  to  extend  con- 
siderably farther  through  the  cytoplasm  than  indicated  by  Yocnm,  but 
tliis  is  a  matter  of  no  special  significance. 

After  examining  literally  hundreds  of  specimens  both  entire  and  in 
i  ions  2.  .\  1.  (>.  S,  10.  15  and  20  microns  thick,  using  all  the 
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techniques  suggested  for  its  demonstration,  I  am  forced  to  the  conclu- 
sion that  there  is  no  motorium  in  Euplotes  patella  as  a  separate  and  dis- 
tinct body.  I  have  never  been  able  to  see  it  even  in  specimens  where  the 
other  neuromotor  elements  are  exceptionally  clear.  It  is  quite  evident 
in  many  of  my  preparations,  both  whole  mount  and  sectioned,  that  the 
five  anal  cirri  fibers  converge,  join  to  form  one  fiber  and  extend  on  into 
the  collar  without  a  break  (Plate  IV).  Here  the  single  fiber  turns  and 
runs  along  the  anterior  (outer)  edge  of  the  "  collar '  membranelles 
thence  along  the  inner  (median)  edge  of  the  "  lapel  '*  membranelles. 
Yocum  shows  the  five  fibers  attached  to  the  left  end  of  the  motorium 
(his  Plate  XV,  Fig.  9)  while  the  fiber  to  the  membranelles  is  attached  to 
the  right  end  of  the  motorium.  This  makes  quite  a  break  in  the  con- 
tinuity of  the  system.  It  is  easily  seen  in  my  material  that  there  is  ab- 
solutely no  jog  or  break  in  the  fibers  from  the  time  they  leave  the  cirri 
until  they  reach  the  membranelles.  Furthermore,  there  is  no  branch 
line  running  off  to  any  body  that  might  be  considered  an  attached  mo- 
torium, nor  is  there  a  body  which  is  nearby  and  consistently  present 
which  might  be  a  motorium. 

It  is  quite  possible  that  any  one  of  several  structures  in  this  region 
might  be  mistaken  for  a  motorium,  namely,  the  basal  plate  of  one  of  the 
two  or  three  cirri  located  there,  groups  of  granules  such  as  are  found 
scattered  through  the  cytoplasm,  or  a  fold  of  the  ectoplasm  in  the  rather 
thin  right  peristomal  phlange.  Professor  Yocum  has  kindly  sent  me 
one  of  his  slides  showing  what  he  considers  the  motorium  on  two 
marked  specimens.  Although  it  is  hardly  just  to  judge  from  two  speci- 
mens, it  seems  to  me  that  the  darkened  area  which  he  interprets  as  the 
motorium  is  a  wrinkle  in  the  ectoplasm  overlying  the  fibers  on  the 
ventral  surface.  I  find  similar  structures  in  my  own  preparations  if  the 
material  is  fixed  on  slides  but  not  in  material  killed  in  bulk.  The  logical 
explanation  of  this  is  seen  in  the  anatomy  of  the  organism.  In  the  re- 
gion concerned  the  roof  of  the  cytostome  contains  a  peculiar  pocket,  the 
cytostomal  recess  (Plate  IV).  When  the  animal  is  flattened  by  being 
fixed  on  the  slide  the  peristomal  phlange  in  this  region  is  folded  by  being 
pressed  against  this  irregularity.  Such  a  fold  occurring  regularly  at  this 
point  could  easily  be  interpreted  as  a  motorium.  Yocum's  Figure  9, 
Plate  XV,  can  be  explained  in  this  light  if  the  part  of  the  membranelle 
fiber  before  it  reaches  the  collar  be  considered  a  continuation  of  the  edge 
of  the  cytostomal  recess.  However,  his  Fig.  5,  Plate  XIV,  is  diffi- 
cult to  explain  on  these  grounds.  Such  a  structure  might  have  resulted 
from  a  collection  of  endoplasmic  granules  as  so  frequently  occurs  in 
this  species.  My  interpretations  must  be  based  on  the  fact  that  in  my 
material  no  such  body  is  present  as  that  which  he  labels  "  motorium," 
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ami  the  meml  iranelle  fiber,  instead  of  giving  off  two  roots  to  this  body. 
is  dearly  and  directly  continuous  with  the  five  anal  cirri  fibers.  Serial 
sections  staim-d  with  Mallory's  triple  and  with  the  haematoxylins  sup- 
|iort  the  camera  lucida  drawing  of  the  whole  mount  shown  in  Plate  IV. 
Rees  (1930)  concludes  that  in  Diplodinium  the  object  called  a  moto- 
rium  by  Sharp  (1914)  is  only  a  fold  of  the  ectoplasm,  and  the  careful 
investigation  that  hr  made  is  quite  convincing.  The  "  motorium  "  of 
Euplotcs  patella  is  probably  a  similar  structure. 

DISCUSSION 

The  composite  picture  of  Eitplotcs  ptifclla  shows  an  amazing  array 
»f  fibrils  which  link  up  the  organdies.  This  consists  of  a  superficial 
network  linking  up  bristles  that  protrude  from  the  surface,  and  a  deeper 
sel  which  is  associated  with  the  motor  organelles.  The  two  are  con- 
nected in  the  anterior  region. 

This  picture  in  itself  strongly  suggests  a  sensory  apparatus  and  a 
motor  apparatus  linked  together  to  form  an  integrated  coordinating 
system. 

Klein  ( \l.)2(ni)  was  the  first  to  give  us  a  detailed  picture  of  the 
rxternal  fibrillar  network  in  a  ciliate.  Since  then  he  has  described  the 
"  Silberliniensystem  "  of  a  number  of  ciliates,  some  of  which  are  beauti- 
fully illustrated,  some  very  poorly.  The  latter  includes  a  distorted  and 
almost  unrecognizable  I'.uplolcs  of  undetermined  species  (Klein,  1928). 
In  this  paper  he  states  that  the  new  peristomal  field  (as  seen  in  the  new 
(-(•mplex  of  fibers)  appears  before  any  other  sign  of  division.  Turner 
i  1(>30)  has  shown,  however,  that  the  macronucleus  is  the  first  structure 
to  show  signs  of  an  approaching  division.  In  another  paper  Klein 
<T'2n/>)  pictures  the  rosettes  of  /:".  //</;•/></  as  Dingle  granules  and  calls 
tbi-ni  "  Basalkorncr."  In  this  paper  lie  proposes  the  idea  that  the  fibril- 
lar network  is  the  real  coordinating  system  in  ciliates.  and  in  Unvotes 
it  is  the  real  neuromotor  system  while  the  system  described  by  Yocum 
is  contractile  in  function.  According  to  him  the  microdissection  experi- 
ments of  Taylor  were  confused.  Claiming  it  to  be  a  primitive  nervous 
system  endowed  with  both  motor  and  sensory  functions.  Klein  (1929) 
further  ascribes  to  the  "  Silberliniensystem  "  the  power  of  initiating 
division,  controlling  morphogenesis  and  to  some  extent  inheritance. 
Mis  evidence  fur  all  this  is  not  completely  convincing. 

Tin-  (ierman  workers  generally  consider  the  "  classical  "  neuromotor 
apparatus  as  a  contractile  or  supportive  structure  rather  than  conductile. 
In  /:'.  pati'llti  the  onlv  possible  function  of  contractile  elements  would  be 
for  the  operation  of  the  cirri  or  mcmbranelles.  and  as  these  motor  or- 
-anelles  are  actually  groups  of  cilia,  one  would  not  expect  them  to  be 
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operated  by  such  contractile  1'ihers  on  the  basis  of  what  is  known  of 
ciliary  movement.  Taylor's  observations  show  also  that  the  anal  cirri 
continue  to  function  even  after  the  fibers  are  cut,  a  fact  that  rather  de- 
molishes the  notion  that  the  contraction  of  the  fibers  mechanically  op- 
erates the  cirri.  Again,  the  fact  that  no  movement  can  be  detected  in 
the  fibers  when  the  cirri  arc  brat  ing  is  further  evidence  against  this  idea. 

Without  a  motorium  the  neuromotor  system  of  E.  patella  is  still 
established  as  a  definite  apparatus.  A  coordinating  center  is  a  nice 
concept,  but  one  which  is  not  indispensible  to  a  neuromotor  apparatus. 
Taylor's  results  are  as  significant  without  a  motorium  as  with,  when  one 
considers  the  fibers  themselves  as  the  coordinating  mechanism;  the  con- 
tinuity of  the  fibers  from  the  membranelles  to  the  anal  cirri  maintaining 
the  coordination. 

The  function  of  the  external  iibrillar  network  is  less  well  established. 
In  E.  patella  where  the  cortex  is  so  strong  and  unyielding  it  is  difficult 
to  believe  that  a  network  so  delicate  as  that  seen  in  living  specimens 
could  add  much  to  the  rigidity  of  the  body.  From  purely  morpho- 
logical evidence  it  appears  that  the  network  is  sensory  in  nature.  It  is 
just  under  the  pellicle  where  one  would  expect  such  a  system,  and  it 
connects  up  all  the  bristles  which  appear  to  be  sensory  elements.  The 
joining  of  this  system  to  the  neuromotor  fibers  makes  a  complete  con- 
ductor system — sensor}-  and  motor — that  seems  not  only  adequate  to 
interpret  the  structures  seen,  but  also  to  explain  what  is  known  of  the 
reactions  of  the  organism. 

In  the  more  primitive  ciliates  with  cilia  distributed  over  the  body, 
the  "  silver  lines  "  may  well  be  both  sensory  and  motor  in  function, 
forming  a  kind  of  primitive  coordinating  apparatus  which  controls  the 
action  of  the  cilia  in  response  to  stimuli  received.  In  Enf>lotcs,  which 
is  one  of  the  most  highly  organized  of  all  the  Protozoa,  it  is  not  surpris- 
ing to  find  the  conductor  system  more  or  less  divided  up  into  sensory  and 
motor  departments  comparable  in  a  way  to  the  more  highly  specialized 
members  of  the  Metazoa. 

SUMMARY 

1.  The  external  fibrillar  system  or  "  Silberliniensystem  "  of  Enplotcs 
patella  is  described  as  a  regular  latticework  on  the  dorsal  surface  and  a 
more  irregular  network  ventrally. 

2.  These   lines   are   associated   with    rows    of    rosettes    from    which 
bristles  protrude  on  both  dorsal  and  ventral  surfaces.     These  bristles 
are  thought  to  be  sensory  in  function  and  the  network  a  sensory  con- 
ductor system. 
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3.  The   neuromotor   system  was   studied   and   Yocum's   description 
supported  except  for  the  motorium.     Evidence  is  presented  which  seems 
to  indicate  that  there  is  no  motorium  in  this  species. 

4.  The  external  network  is  directly  connected  with  the  neuromotor 
system. 

5.  Discussion  brings   out   the  probability   that   the  neuromotor  ap- 
paratus in  /:.  patella  is  thus  augmented  by  a  distinct  but  connected  ex- 
ternal network  of  sensory  fibrils. 
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SELECTIVE  ACCUMULATION  OF  IOXS  IN  CAVITIES 
INCOMPLETELY  SURROUNDED  BY  PROTOPLASM 

S.  C.  BROOKS 

(I-rom  the  Department  of  Zoology,  University  of  California, 
and  the  Stasione  Zoologica,  Naples,  Italy) 

Selective  accumulation  of  ions  in  tissue  fluids  has  usually  been 
thought  of  as  a  result  of  more  or  less  complete  enclosure  of  the  fluid 
within  a  continuous  layer  of  protoplasm  or  plasma  membrane.  Accord- 
ingly, when  a  body  fluid  containing  principally  a  few  selected  ions  is 
separated  from  the  external  medium  by  an  epithelium,  the  cells  of  this 
epithelium  are  supposed  to  press  so  closely  one  against  the  other  that 
ions  can  only  cross  through  the  epithelium  by  traversing  plasma  mem- 
branes and  cytoplasm.  In  like  manner,  the  Casparian  strips  have  been 
thought  to  block  essentially  all  intercellular  paths  between  the  soil  solu- 
tion and  the  sap  in  the  stele  of  the  vascular  plant.  A  study  of  the  fluids 
of  the  marine  green  alga  Codhiin  Bursa  (L.)  Ag.  (Order:  Siphonales) 
shows  that  assumptions  of  this  type  are  not  necessary,  since  in  the  case 
of  C  odium  there  is  selective  accumulation  of  ions  in  the  fluid  of  the  cen- 
tral cavity,  which  is  open  to  the  sea  water  by  intercellular  paths. 

A  brief  description  of  the  plant  may  be  given  here.  Its  thallus  is  in 
the  form  of  a  hollow  oblate  spheroid  a  few  centimeters  in  diameter,  at- 
tached by  rhizoids  at  the  base.  The  walls  of  the  spheroid  are  a  few  mil- 
limeters thick,  and  consist  of  two  layers.  The  internal  layer  is  made  up 
of  intertangled  basal  filaments  running  for  the  most  part  in  a  tangential 
direction.  From  these  there  arises  as  an  external  layer  a  dense  felt  of 
clavate  radial  filaments  aptly  referred  to  as  "  palisade  cells."  The  walls 
of  these  cells  are  made  up  of  pectins  with  some  cellulose,  and  are  con- 
siderably thickened  at  the  distal  ends.  Thickenings  on  the  interior  of 
the  cell  walls  obstruct  free  movement  of  material  at  various  points, 
notably  in  the  basal  filaments  close  to  the  branching  of  each  palisade  cell. 
A  strand  of  protoplasm  is  supposed  to  penetrate  through  these  thick- 
enings, but  Arcangeli  reports  that  pressure  exerted  on  the  filaments  to 
one  side  of  a  thickening  could  not  be  made  to  force  material  past  it. 
(Arcangeli,  1874.)  In  any  event  a  vacuole  extends  continuously  from 
near  the  tip  of  each  palisade  cell  through  at  least  some  portion  of  a  basal 
filament.  Turgor  of  the  palisade  cells  is  marked,  and  although  not  mu- 
tually adherent,  they  are  closely  pressed  together.1  Published  descrip- 

1  The  description  is  taken  for  the  most  part  from  F.  Oltmann's  Morphologic 
nnd  Biologic  der  Algcn,  II  Aufl..  Jena,  1922,  where  further  details  may  be  found. 
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tions  make  no  mention  of  canals  opening  to  the  exterior  from  the  central 
cavity,  although  such  things  are  said  to  be  present  in  related  species. 
To  make  sure  about  this,  specimens  of  Codluui  Bursa  were  wiped  dry 
with  filter  paper  and  then  squcc/ed.  Xo  fluid  was  forced  out  of  the 
plant  in  this  way.  The  central  cavity  of  ('.  Bursa  has  therefore  no 
obvious  direct  connection  with  the  sea  water  through  orifices  or  canals. 
This  makes  it  appear  that  ions  can  pass  into  the  central  cavity  from 
the  surrounding  sea  water  by  either  of  two  paths,  traversing,  respec- 
tively, the  protoplasm  and  the  cell  wall  material.  Whatever  the  path  by 
which  ions  enter  the  central  cavitv,  it  is  clear  from  Table  I  that  a  selec- 
tive process  occurs  at  some  point,  since  K  is  present  in  the  central  cavity 

TAKLK  T 

The  concentrations  of  K,  Xa,  and  C'l  in  the  cell  sap,  and  in  fluid  from  the  central 
cavity  of  Coiliiim  Bursa  (L.)  Ag.,  and  in  the  surrounding  sea  water. 


Fluid 

i  -in  rntration.  millimols  per  liter 

Ratio  of  K  to  X.i 

K 

Xa 

Halide 

'  fll  sap  

84 

61 

64 
22 

627 
567 
576 

(.41 

657 
624 
619 

656 

0.134 
0.108 
0.111 
0.034 

(  cntral  ravit  v              .    .         .    . 

(  entral  cavitv 

^'•.i  u  ater  * 

"  The  sea  water  was  taken  from  the  aquarium  system  in  which  the  plants  urn- 
immersed. 

in  higher  concentration  than  in  the  surrounding  sea  water,  while  the  Xa 
concentration  is  lo\\cr.  The  halide  concentration  is  slightly  higher,  pre- 
sumablv  because  S<  ),.  which  was  not  separatclv  determined,  is  partially 
excluded.  - 

Table  i  aKo  shows  that  sap  exuded  under  pressure  from  cut  edges 
of  tlialltis  is  still  more  modified  in  the  direction  of  selective  accumulation 
of  K  than  is  the  fluid  in  the  central  cavity.  The  sample  of  sap  is  pre- 
Mimablv  mixed  with  a  good  deal  of  sea  water  and  other  thuds,  and  the 
pure  cell  sap  prohablv  contains  K  in  even  higher  proportion  than  indi- 
cate'! in  the  table. 

It  therefore  appear>  probable  ili.it  the  selective  process  results  dur- 
ing the  passage  of  ions  from  the  sea  water  into  the  cells,  and  perhaps 
aKo  on  passage  from  the  cells  into  the  fluid  of  the  central  cavity.  Re- 
stricted but  non-selective  interchange  of  ions  along  the  cell  walls  would 


-Halide   uas   ilrtrrminrd   liv    titratimi   with    AgXO:i,   XTa  -f-  K  as  total 
K  as  rlil«ir])latinatc.  ami   Xa  \<y  difference 
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account  for  the  fact  that  the  fluid  of  the  central  cavity  is  more  like  sea 
water  than  is  the  cell  sap. 

It  must  be  concluded,  therefore,  that  some  accumulation  of  ions 
may  occur  in  fluids  which  are  only  partially  separated  from  the  sur- 
rounding medium  by  living  protoplasm.  Such  tissues  as  the  endodermis 
of  roots  of  vascular  plants,  the  gill  epithelia  of  fishes,  or  the  epithelium 
of  the  convoluted  tubules  of  the  mammalian  kidney  may  fail  to  form  a 
continuous  wall  of  protoplasm,  and  still  give  rise  to  what  is  known  as 
the  selective  accumulation  process,  viz.,  the  partial  exclusion  of  some 
ions,  and  the  movement  of  other  ions  through  the  tissue  against  their 
own  activity  gradients. 

The  plants  for  these  analyses  were  obtained  at  the  Stazione  Zoologica 
at  Naples,  where  the  writer  occupied  the  Woods  Hole-Columbia  Uni- 
versity table.  The  analytical  work  was  supported  by  a  grant  from  the 
National  Research  Council.  Grateful  acknowledgment  is  made  for 
these  aids. 
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REGENERATION  IN  THE  CARAPACE  OF  DAPHNIA  MAGNA 

I.  THE  RELATION  BETWEEN  THE  AMOUNT  OF  REGENERATION  AND  THE 
AREA  OF  THE  "\\'OUND  DURING  SINGLE  ADULT  INSTARS 

BERTIL  GOTTFRID  ANDERSON  » 
BIOLOGICAL  LABORATORY,  WESTERN  RESERVE  UNIVERSITY 

In  all  animals  the  rates  of  regeneration  appear  to  have  identical 
characteristics.  Przibram  (1919)  cited  the  experiments  of  eleven  work- 
ers on  twenty  species  and  reported  that  the  rates  of  regeneration  are 
most  rapid  at  the  beginning  of  the  process  and  decrease  as  regeneration 
continues.  After  a  study  of  twelve  diverse  species,  Zeleny  (1909a) 
arrived  at  the  conclusion  that  the  rates  of  regeneration  vary  directly 
with  the  degree  of  injury  up  to  a  maximum,  beyond  which  the  rates 
decrease.  Carrel  and  his  colleagues  (1916,  etc.)  found  that  wound 
closure  in  man  follows  the  same  general  trend,  in  that  the  rate  of 
cicatrization  is  proportional  to  the  area  of  the  wound,  but  diminishes 
less  rapidly  than  the  area. 

The  above-mentioned  works  deal  with  regeneration  of  complex  struc- 
tures composed  of  many  tissues  and  consequently  treat  with  a  com- 
posite of  the  rates  of  individual  tissues.  A  study  of  the  rate  in  a  less 
complex  structure  should  lead  to  a  better  understanding  of  the  funda- 
mental problems  involved. 

The  carapace  of  Daplmia  utuc/iia  is  a  comparatively  simple  structure. 
Two  layers  of  hypodermis  (Fig.  1)  constitute  the  cellular  tissue  of 
the  ventral  half  of  the  carapace  posterior  to  the  shell  gland,  the  region 
which  is  injured  by  the  operative  procedure  outlined  below.  Between 
these  layers  is  a  blood  chamber  and  associated  with  them  on  their  outer 
surfaces  is  the  chitinous  integument.  The  pillars,  which  probably  also 
consist  of  chitin,  serve  as  supporting  structures.  Figure  2  is  a  surface 
view  showing  the  arrangement  of  the  outer  hypodermal  cells.  The 
markings  of  the  carapace  which  are  characteristic  of  this  cladoceran 
(-•inform  closely  to  the  cell  boundaries.  The  pillars  do  not  appear  to 
be  arranged  in  any  definite  order. 

Section^  of  the  regenerated  portions  of  the  carapace  are  identical 
with  those  of  the  uninjured  regions.  \Yhen  viewed  from  the  surface, 
the  shape  of  the  regenerated  hypodermal  cells  is  quite  variable,  in 

1  The  L-reater  part   of   the  experimental  work  upon  which  this  paper  is  based 
carried  nut  at  the  Zoological   l.ahoratory  of  the  State  University  of  Iowa. 
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contradistinction  to  that  of  the  original  cells.  Since  the  carapace  re- 
mains the  same  in  cross-section,  the  difference  in  the  area  of  the  wound 
from  one  time  to  another  serves  as  a  three-dimensional  measure  of  the 
amount  of  regeneration  during  the  interval. 

The  purpose  of  this  paper  is  to  present  a  study  of  the  amount  of 
regeneration  in  the  carapace  during  single  physiological  time  units,  i.e. 
the  instars,  in  relation  to  the  size  of  the  wound  under  varying  conditions 
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FIG.  1.     Camera  lucida  drawing  of  a  cross-section  through  the  carapace. 


nac/e/ 


FIG.  2.  Camera  lucida  drawing  of  the  outer  surface  of  the  carapace  showing 
the  typical  arrangement  of  cells.  The  surface  markings  correspond  to  the  cell 
boundaries.  The  pillars  appear  in  no  definite  order. 
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FIG.  3.  Diagrammatic  section  through  an  animal  showing  method  of  opera- 
tion. Injury  to  structures  other  than  the  carapace  is  avoided. 

of  age  of  the  animal,  age  of  the  wound,  and  temperature.  These 
results  will  be  discussed  in  relation  to  those  secured  by  others  for  more 
complex  structures  in  other  forms. 

The  writer  wishes  to  acknowledge  his  indebtedness  to  Dr.  L.  A. 
Brown  and  Dr.  J.  H.  Bodine — to  the  former  for  suggesting  the  problem, 
and  to  both  for  their  many  helpful  suggestions  and  criticisms  as  the 
work  progressed. 
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MATERIALS  AND  METHODS 

The  material,  Daphnia  inaytia  Straus.,  was-  secured  from  Banta's 
laboratory  in  1927.  Females  from  three  clones  were  employed.  The 
original  clone  was  used  in  the  experiments  on  the  effect  of  age  but 
died  out  late  in  1928.  A  new  clone,  started  with  ephippial  eggs  from 
the  former  in  January,  1929,  was  used  in  the  experiments  dealing  with 
temperature  effect.  Another  clone,  derived  from  the  latter,  was  used 
in  the  experiments  concerned  with  age  of  the  wound. 

Individuals  were  isolated   within  twenty- four  hours  after  their  re- 


wountf 

FIG.  4.     Outline  drawing  showing  position  of  wound  in  carapace. 
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Fin.  5.  Camera  lucida  drawings  of  a  wound  during  five  successive  instars. 
/••  represents  the  edge  of  tin-  wound  during  tin-  first  post-operative  iiistar  ;  p-,  the 
second;  etc.  The  area  at  represents  the  amount  of  regeneration  during  the  first 
post-operati\e  in>tar  ;  <r...  the  second,  etc.  In  the  graphs  which  follow,  the  amount 
"i  regeneration  during  each  instar  is  plotted  against  the  area  of  the  wound  during 
that  instar,  i.e.,  a,  against  tntal  area  enclosed  hy  p>  '•  etc. 

lease  from  the  hrood  cliainluT  of  the  mother  and  placed  in  vials  con- 
taining fresh  manure-soil  medium  (  P.anta,  1'L'l).  The  vials  used  in 
the  experiments  <m  thi'  effect  of  age  and  nf  temperature  contained 
thirty  to  thirty  live  cc.  «\  medium,  while  those  used  in  the  experiments 
(in  the  effecl  of  the  age  of  the  wound  contained  fifty  to  sixty  cc.  of 
medium.  Semi-weekly  throughout  the  experiments  one-third  of  the 
llnid  in  each  vial  was  removed  and  replaced  hy  fresh  culture  medium. 
Jn  the  experiments  to  determine  the  effect  of  the  temperatures  15° 
•  '.  and  J5  ('.  the  animals  were  placed,  immediately  after  isolation  from 
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the  mother,  in  an  electrical  refrigerator  fitted  with  a  mercury  thermo- 
regulator,  a  heating  element,  and  an  electric  fan  (air  temperature  ±  0.5° 
C).     All  other  experiments  were  carried  on  at  room  temperature  (18°- 
25°  C). 

In  the  operative  procedure  the  animals  were  placed  in  watch-glasses 
and  immobilized  with  a  chloretone  solution  of  a  concentration  just  suffi- 
cient to  bring  about  cessation  of  movement.  The  chloretone  did  not 


-    9 


345678        6 

AREA  or  WOUND  [LOG(x-r)]*io 

FIG.  6.  Graphs  showing  the  relation  of  the  amount  of  regeneration  to  the  area 
of  the  wound  during  adult  instars  I-IV.  Each  animal  was  operated  early  in  the 
instar  before  the  one  in  question.  The  curves  were  fitted  by  means  of  the  equation : 

y  =  a(.v  —  y)*, 

where  v  is  the  amount  of  regeneration;  .r,  the  area  of  the  wound:  and  a  and  k 
constants.  The  logarithmic  plots  show  the  relation  between  v  and  (.r — v).  Each 
point  represents  an  individual  case. 

For  comparison  with  later  adult  instars  see  Fig.  8. 

appear  to  have  any  detrimental  effects.  Part  of  the  area  of  the  carapace 
in  contact  with  the  watch-glass  was  crushed  by  applying  a  steel  needle 
to  its  inner  surface  (Fig.  3).  Figure  4  shows  the  position  of  the 
wound.  The  proportions  of  the  wounds  were  varied  by  using  needle 
points  of  different  sizes  and  shapes.  Approximately  4000  individuals 
were  operated  upon  in  these  experiments. 
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During  the  early  part  of  each  instar  following  operation  the  animals 
again  immobilized  with  chloretone  and  camera  lucida  drawings 
i  175  X)  made  of  the  wounds.  From  these  drawings  the  areas  were 
determined  by  the  use  of  compensating  polar  planimeters  (Keuffel  & 
K-ser  Co.,  No.  4242  and  No.  4240)  and  the  perimeters  by  a  measuring 
wheel  (Keuffel  &  Esser  Co.,  No.  1694A)  graduated  to  1/32  inch. 

EXPERIMENTAL 

A  few  hours  after  an  injury  is  inflicted  on  the  carapace  of  Daphnia 
inayna  a  brown  material  forms  at  the  edge  of  the  damaged  area.     In 
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FK,.  7.  Graphs  showing  the  relation  of  the  amount  of  regeneration  to  the  area 
of  the  wound  during  adult  instars  V-VIII.  Each  animal  was  operated  early  in 
the  instar  before  the  one  in  question.  The  curves  were  fitted  by  means  of  the 
equation : 

y  =  a(x  —  y')Je, 

where  y  is  the  amount  of  regeneration ;  .v.  the  area  of  the  wound ;  and  a  and  k  con- 
-tants.  The  logarithmic  pints  show  tin-  relation  between  .v  and  f.r  —  .v).  Each 
P"int  represents  an  individual  case. 

For  comparison  with  other  adult  instars  see  Fig.  8. 

all  probability  this  brown  material  is  clotted  blood  in  which  the  tyrosine 
has  him  oxidi/cd  Cl'inhey,  1930;  Anderson.  1932^).  The  brown  ma- 
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terial  is  shed  with  the  chitin  at  the  next  ecdysis  when  the  wound  is  made 
hefore  three-fourths  of  the  instar  has  passed.  However,  if  the  injury 
is  made  after  three-fourths  of  the  instar  has  passed,  the  brown  material 
is  retained  until  the  second  molt  following  the  injury.  If  an  injury 
is  inflicted  early  in  the  instar  the  edge  of  the  wound  during  the  next 
instar  is  smooth  and  clear.  If  the  injury  occurs  after  half  but  before 
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FIG.  8.  Graphs  showing  the  relation  of  the  amount  of  regeneration  to  the  area 
of  the  wound  during  adult  instars  IX-XI.  Each  animal  was  operated  early  in  the 
instar  before  the  instar  in  question.  The  curves  were  fitted  by  means  of  the  equa- 
tion : 

y  =  a(jf  —  y)k, 

where  3'  is  the  amount  of  regeneration ;  .r,  the  area  of  the  wound ;  and  a  and  k  con- 
stants. The  logarithmic  plots  show  the  relation  between  y  and  (.r  —  y).  Each 
point  represents  an  individual  case. 

The  bottom  graphs  give  the  curves  for  each  of  the  adult  instars  I-XI  for 
purposes  of  comparison. 

three-fourths  of  the  instar  has  passed,  the  edge  of  the  wound  is  rough 
during  the  following  instar.  These  phenomena  appear  to  be  directly 
related  to  the  presence  or  absence  of  a  second  layer  of  chitin  at  the 
time  of  injury  (Anderson  and  Brown,  1930).  In  all  cases,  no  matter 
what  be  the  nature  of  the  wound  during  the  first  post-operative  instar, 
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the  edge  til    tin-  wound  is  smooth  and  clear  throughout  the  remaining 
in.stars.  i.e.  until  complete  closure  results. 

Further,  when  an  operation  is  performed  within  the  first  half  of 
the  instar  some  regeneration  takes  place  l>efore  the  animal  molts.  The 
area  of  the  wound  during  the  following  instar  is  less  than  that  included 
within  the  l>ro\vn  ring  during  the  instar  of  operation.  If  an  operation 
is  performed  within  the  period  after  half  the  instar  has  passed  and 
he  fore  three-fourth:-  is  over,  the  wound  during  the  next  instar  is  ap- 
proximately the  same  size  as  the  area  enclosed  by  the  brown  material 
during  the  operative  instar.  In  case  the  injury  is  produced  after  three- 
fourths  of  the  instar  has  passed,  the  brown  material  occupies  the  same 
area  during  the  next  instar  as  it  does  during  the  instar  of  injury. 
Xormally  wounds  diminish  noticeably  in  size  by  the  second  post-opera- 
tive instar  irrespective  of  the  time  within  the  instar  of  operation  that 
the  injury  is  inflicted. 

TARLE  I 

Values  of  the  constants  in  the  equation  y  =  u  ( .\"  --  yV1'  expressing  the  relation 
lift  ween  the  amount  of  regeneration  (v)  and  the  area  of  the  wound  (.r)  for  first 
post-operative  instars  with  reference  to  the  age  of  the  animals.  The  data  on 
which  these  constants-  are  based  are  shown  in  Figs.  6,  7.  and  8. 


Constants 

A  A  1  1  1  *•  i  1  1  c  f  o  r 

XT,                              f 

•  V'i  Ui  V    lIllMtll 

a 

k 

A  uinix*r  01  cuscs 

I 

.09 

.35 

29 

II 

.18 

.50 

29 

III 

.13 

.40 

23 

IV 

.18 

.50 

•      35 

V 

.09 

.38 

16 

VI 

.12 

.45 

34 

VII 

.07 

.37 

31 

VIII 

.27 

.59 

30 

IX 

.09 

.40 

30 

X 

.10 

.43 

23 

XI 

.08 

.42 

15 

The  wound  remains  the  same  in  si/e  and  shape  throughout  any 
one  instar.  ( 'hange  takes  plaee  only  at  ecdysis  and  .shortly  thereafter. 
This  is  also  true  for  the  body  length  and  for  the  antenna!  segments  of 
the  animal  (Anderson.  l'»30,  193J</,  /•  )  and  for  the  antenna;  of  Shiw- 

hdlns  </i/>l>dsiis  and   / )iif>linin  ctirinulu   (  Agar.   1930). 

I'reliminary  experiments  .showed  the  impracticability  of  securing 
wounds  of  an  exactly  identical  size  and  shape.  The  area  injured  was 
always  -rcatcr  than  the  immediate  area  crushed.  This  extended  area 
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of  injury  varied  considerably  for  each  case.  These  experiments  also 
showed  that  the  amount  of  regeneration  during  any  instar  varied  with 
the  size  and  shape  of  the  wound.  The  shapes  may  he  classified  accord- 
ing to  the  ratios  of  the  perimeter  to  the  square  root  of  the  area.  The 
data  included  in  this  paper  are  for  wounds  where  the  ratio  of  the 
perimeter  to  the  square  root  of  the  area  does  not  exceed  four.  The 
wounds  coming  under  this  classification  range  from  approximate  circles 
to  elongated  ovals  whose  lengths  rarely  exceed  twice  their  widths. 
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FIG.  9.  Graphs  showing  the  relation  of  the  amount  of  regeneration  to  the  area 
of  the  wound  during  adult  instar  II  at  the  temperatures  15°  and  25°  C.  Each  ani- 
mal was  operated  early  in  the  instar  before  the  one  in  question.  The  curves  were 
fitted  by  means  of  the  equation  : 

y  =  a(.v  —  y)k, 

where  y  is  the  amount  of  regeneration  ;  .r,  the  area  of  the  wound  ;  and  a  and  k  con- 
stants. The  logarithmic  plots  show  the  relation  between  y  and  (.r  —  y).  Each 
point  represents  an  individual  case. 

\\ith  the  foregoing  facts  in  mind,  a  series  of  experiments  was 
designed  to  determine  the  amount  of  regeneration  for  wounds  of  dif- 
ferent sizes  but  of  the  same  approximate  shape,  controlled  by  the 
means  outlined  above,  during  each  of  the  first  eleven  adult  instars.  In 
each  case  the  animals  were  operated  early  in  the  instar  previous  to  the 
one  for  which  records  were  taken.  The  results  are  shown  in  Figs. 
6,  7,  and  8.  The  area  of  the  wound  represents  size  during  the  instar  in 
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TABLE  II 


Values  of  the  constants  in  the  equation  y  =  a(.r--y)k  expressing  the  relation 
1  n- 1 ween  the  amount  of  regeneration  (y)  and  the  area  of  the  wound  (.r)  for  first 
post-operative  instars  with  reference  to  temperature,  the  age  of  the  animals  being 
the  same.  The  data  on  which  these  constants  are  based  are  shown  in  Fig.  9. 


Temperature 

Constanta 

Number  of  cases 

a 

k 

0  C. 

15 
25 

.06 
.08 

.25 
.36 

62 
56 

question.  The  amount  of  regeneration  is  the  difference  between  the 
area  of  the  wound  during  the  instar  in  question  and  the  area  during  the 
following  instar  (Fig.  5).  The  results  indicate  that  the  amount  of 
regeneration  for  wounds  of  identical  sizes  is  approximately  the  same 
•  luring  the  adult  instars  studied. 

Mere  graphic  presentation  of  the  data  yields  only  a  rough  means 
of  comparing  the  results.  It  was  therefore  deemed  advisable  to  deter- 
mine the  nature  of  the  relation  between  the  amount  of  regeneration  and 
the  area  of  the  wound.  On  first  glance  the  relation  seems  parabolic. 
The  simplest  expression  for  a  parabolic  curve  would  be 

,v==ayk.  (1) 

lint  the  amount  of  regeneration  can  never  exceed  the  area  of  the  wound. 
]'>Y  adding  y  to  the  second  member  of  equation  (1)  we  have 

.r    =  ayk  -j-  y.  (2) 

By  letting  y  be  the  amount  of  regeneration  and  .r  be  the  area,  the  amount 
of  regeneration  can  never  exceed  the  area  of  the  wound. 

For  ease  of  manipulation,  since  both  .r  and  y  are  known,  equation 
(2)  was  converted  to 

y  =  a(x-yy.  (3) 

If  this  equation  is  suitable,  double  logarithmic  plots  of  the  amount  of 
regeneration    <v)    against  the  area  minus   the  amount  of   regeneration 
(.r-  -Y)   should  yield  a  straight  line.2     Such  is  practically  the  case  as 
-hnwil  in   Fi.^s.  6-11. 

At  present  tin's  equation  may  be  considered  only  descriptive.  Xo 
biological  si.n'iiitieance  has  been  assigned  to  the  constants. 

-It  may  be  notol  that    (.r  —  y)   is  the  area  of  the  wound  after  y  has  been 
nerated. 
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The  constants  for  each  experiment  were  determined  by  the  method 
of  least  squares.  The  curves  in  the  figures  were  fitted  by  means  of 
the  constants  so  determined. 

A  study  of  the  composite  graphs  in  Fig.  8  and  the  constants  in 
Table  I  shows  that  in  general  for  wounds  of  the  same  size  the  amount 
of  regeneration  decreases  as  the  animals  grow  older. 

The  amount  of  regeneration  for  wounds  of  identical  sizes  and 
shapes  is  less  during  the  pre-adult  instars  than  during  adult  instars. 
The  amount  of  regeneration  increases  with  each  instar  until  the  adult 
condition  is  reached.  The  first  adult  instar  is  the  one  during  which 
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FIG.  10.  Graphs  showing  the  relation  of  the  amount  of  regeneration  to  the 
area  of  the  wound  for  each  of  the  first  four  instars  after  operation.  Each  animal 
was  operated  early  in  the  first  adult  instar.  The  curves  were  fitted  by  means  of 
the  equation : 

y  =  a(.v  —  y)lc, 

where  y  is  the  amount  of  regeneration ;  x,  the  area  of  the  wound ;  and  a  and  k  con- 
stants. The  logarithmic  plots  show  the  relation  between  y  and  (.r  —  y).  Each 
point  represents  an  individual  case. 

For  comparison  with  later  instars  see  Fig.  11. 

the  first  clutch  of  eggs  appears  in  the  brood  chamber.  Considerable 
irregularity  has  been  found  in  the  number  of  pre-adult  instars  for  this 
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species  (Anderson,  1930,  1932o).  Consequently  comparisons  of  the 
amounts  of  regeneration  for  any  given  pre-aclult  instar  are  hardly 
justifiable  at  present. 

Another  series  of  experiments  was  carried  out  to  test  the  effect  of 
temperature  on  the  amount  of  regeneration  during  a  single  instar. 
Animals  which  had  been  kept  at  specified  temperatures  (15°  and  25° 
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!•!<..  11.  (Iraphs  showing  the  relation  of  tin-  amount  of  regeneration  to  tin- 
area  of  the  wound  for  the  fifth  to  the  seventh  instar>  after  operation.  Hach  animal 
was  operated  early  in  the  first  adult  instar.  The  curves  were  titled  hy  means  of 
the  equation  : 

y  =  a(.r  —  v  ')'•', 

where  v  is  the  amount  of  regeneration;  .r,  the  area  of  the  \\otnid;  and  n  and  k  con- 
stants. The  logarithmic  plots  show  the  relation  helween  v  and  (.r--v).  Each 
point  represents  an  individual  case. 

I  lie  hottoin  ,uraph-  ,yi\c  the  curves  for  each  of  tlie  first  seven  instars  following 


C.)  h'oin  the  time  of  their  isolation  were  operated  during  the  early 
l>art  of  the  first  adult  instar.  Krcords  \\ere  taken  for  the  second  adult 
iiistar.  'I  he  results  are  shown  in  Fig.  9.  The  constants  are  given  in 
'I'alile  II.  From  the  figure  it  may  he  seen  that  the  difference  in  tern 
pcrature  within  the  limits  studied  has  relatively  no  effect  on  the  amount 
of  regeneration. 
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The  preceding-  experiments  were  concerned  with  relatively  small 
wounds  and  with  the  first  post-operative  instar.  Another  series  of  ex- 
periments was  designed  to  determine  the  amount  of  regeneration  for 
the  largest  possible  wounds  and  further  to  determine  the  effect  of  the 
age  of  the  wound  on  the  amount  of  regeneration.  Animals  were  op- 
erated early  in  the  first  adult  instar  and  records  taken  during  each 
successive  instar  until  death  ensued.  The  results  are  shown  in  Figs. 
10  and  11.  The  size  of  the  wound  is  always  that  during  the  instar 
in  question  as  shown  in  Fig.  5.  The  results  for  the  eighth  and  ninth 
post-operative  instars  are  not  shown,  since  the  number  of  cases  was 
considered  too  small  to  be  of  significance.  The  values  of  the  constants 
for  each  post-operative  instar  are  given  in  Table  III. 

TABLE  III 

Values  of  the  constants  in  the  equation  y  =  a(.r —  v)fc  expressing  the  relation 
between  the  amount  of  regeneration  (v)  and  the  area  of  the  wound  (.1-)  for  suc- 
cessive instars  following  operation.  The  data  on  which  these  constants  are  based 
are  shown  in  Figs.  10  and  11. 


Post-operative 
instar 

Adult 
instar 

Constants 

Number 
of  cases 

ra 

k 

1 

II 

.14 

.45 

105 

2 

III 

.17 

.54 

102 

3 

IV 

.10 

.30 

94 

4 

V 

.08 

.23 

79 

5 

VI 

.11 

.45 

51 

6 

VII 

.03 

.12 

28 

7 

VIII 

.04 

.30 

15 

8 

IX 

.03 

.25 

10 

9 

X 

.06 

.47 

5 

The  results  show  that  the  relation  tends  to  be  the  same  for  large 
and  for  small  wounds,  during  the  first  post-operative  instar.  The  values 
of  the  constants  for  the  first  few  post-operative  instars  are  almost  the 
same  as  those  where  the  age  of  the  animal  alone  was  considered.  A 
study  of  the  composite  graph  in  Fig.  11  shows  that  the  amount  of 
regeneration  decreases  with  the  increase  in  the  number  of  instars  be- 
tween the  time  of  operation  and  the  instar  during  which  records  were 
taken  and  to  a  greater  extent  than  that  where  age  of  the  animal  alone 
is  considered. 

DISCUSSION 

Zeleny  (1909a)  pointed  out  the  principal  sources  of  error  that  arise 
in  quantitative  work  on  regeneration.  As  he  listed  them  they  are:  (1) 
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age,  '_)  periodic  physiological  changes.  (3)  character  of  the  laboratory 
histories.  (4)  changes  in  the  rate  during  the  regeneration  period,  (5) 
successive  regenerations,  (6)  level  of  the  cut.  (7)  temperature.  (8) 
i 'Kid,  (9)  differences  in  manipulation,  (10)  departure  of  living  con- 
ditions from  the  optimum,  (11)  the  relation  of  the  degree  of  injury  to 
the  optimum  degree,  (12)  individual  variation.  Five  of  these  factors 
have  been  made  subjects  of  the  present  study,  namely:  age.  periodic 
physiological  changes — the  instar,  changes  in  rate  during  the  regenera- 
tion period,  temperature,  and  relation  of  the  degree  of  injury  to  the 
optimum  degree.  The  other  factors  have  been  eliminated  in  the  fol- 
lowing manner : 

The  Character  of  flic  Laboratory  History. — The  animals  are  well 
adapted  to  laboratory  conditions  since  they  have  been  reared  in  labora- 
tories for  well  over  a  decade. 

TJic  Level  of  the  Cut. — Zeleny  had  reference  to  the  amount  re- 
moved. This  factor  may  be  thought  of  in  a  somewhat  different  sense 
in  the  present  case,  for  the  various  regions  of  the  carapace  may  have 
different  rates  of  regeneration.  The  positions  of  the  wounds  were  as 
nearly  identical  as  possible  in  all  instances. 

Succcssirt'  Regeneration. — The  problem  at  hand  is  not  concerned 
with  this  factor. 

Food. — The  food  used  was  as  uniform  as  possible.  Banta's  manure- 
soil  medium  was  employed  in  all  experiments. 

Differences  in  Manipulation. — As  far  as  possible  all  individuals  in 
any  one  .series  of  experiments  were  subjected  to  the  same  manipula- 
tions. (See  materials  and  mellioch.) 

Departure  of  Lh'imj  Conditions  from  the  Optimum. — All  animals 
in  any  one  series  of  experiments  were  subjected  to  the  same  living 
conditions.  The  animals  retained  their  vigor  as  was  evidenced  by  the 
continued  production  of  young  throughout  the  experiments. 

Individual  I  'arlation. — This  factor  was  reduced  to  a  minimum 
through  the  use  of  animals  from  a  single  clone  in  each  series  of  ex- 
periments, thus  insuring  individuals  gcnotypically  alike.  Large  num- 
bers ot  animals  were  employed  as  mav  IK-  seen  from  the  tables. 

Xeleny  in  his  treatment  of  the  above  factors  suggests  that  the  molt- 
ing period  be  used  as  the  center  of  observations  for  Crustacea.  Indeed, 
such  is  the  only  possible  way  to  handle  the  above  problem.  The  si/.e 
and  shape  of  the  animals  remain  constant  throughout  any  one  instar. 
Only  at  ecdysis  and  within  the  period  immediately  following,  during 
which  the  chitin  hardens,  does  any  normal  change  take  place.  The 
wound  remains  the  same  in  si/e  as  does  the  carapace  of  the  animal. 
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Whether  or  not  adult  insturs  are  quantitatively  equivalent  units  is 
a  question  which  remains  unsolved.  Under  optimum  conditions  fe- 
males bear  a  brood  of  young  during  each  adult  instar.  At  the  beginning 
of  each  adult  instar  a  number  of  eggs  are  passed  into  the  brood  chamber. 
These  develop  into  free-swimming  young  which  are  released  a  few 
hours  before  the  end  of  the  instar.  Usually  the  time  between  the  re- 
lease of  the  young  and  the  end  of  the  instar  increases  with  the  age  of 
the  animal.  The  duration  of  an  instar  also  probably  increases  with  age. 

MacArthur  and  Baillie  (1929)  and  Obreshkove  (1930),  working 
with  Daphnia  niagna  and  SimoccpJialus  expinosus  respectively,  found 
that  the  metabolic  rate  decreases  with  age.  If  adult  instars  are  quan- 
titatively equivalent  units  one  would  expect  that  the  instars  would  be 
proportionately  longer  as  the  metabolic  rate  decreases.  However,  since 
the  amount  of  regeneration  is  somewhat  less  for  wounds  of  the  same 
size  during  later  adult  instars  than  for.  earlier,  one  might  come  to  the 
conclusion  that  instars  are  not  necessarily  equal.  Further  work  on 
instar  length  in  relation  to  metabolic  rate  is  necessary  to  determine  the 
status  of  the  adult  instars  as  quantitatively  equivalent  units. 

Zeleny  (1909a)  found  that  the  rate  of  regeneration  of  an  organ 
increases  with  the  degree  of  injury  up  to  an  optimum  beyond  which 
the  rate  decreases.  In  his  experiments  several  organs  were  removed 
and  the  rate  of  regeneration  for  one  was  compared  to  the  rate  when 
that  one  only  was  removed.  One  must  note  in  the  present  results  that 
the  amount  of  regeneration  for  any  instar  increases  with  the  size  of 
the  wound,  but  the  ratio  of  the  amount  of  regeneration  to  the  area  of 
the  wound  decreases  as  the  area  is  increased. 

Zeleny  (1909^)  also  noted  the  rate  of  regeneration  for  younger 
animals  to  be  less  than  for  older,  but  the  actual  time  necessary  to  replace 
an  organ  to  be  more  for  older  than  for  younger  animals.  Du  Noiiy 
(1916)  showed  that  the  rate  of  cicatrization  in  man  decreased  with  the 
age  of  the  individual.  In  the  case  at  hand  the  amount  of  regeneration 
during  the  first  post-operative  instar  for  wounds  of  equal  size  in  adult 
animals  is  more  in  younger  than  in  older  animals. 

Przibram  (1926)  has  regarded  regeneration  as  an  acceleration  of 
normal  growth  processes.  This  viewpoint  is  tenable  if  the  rate  of 
regeneration  need  not  be  dependent  on  the  rate  of  normal  growth. 
Increase  in  size  of  Daphnia  inagna  females  is  greatest  during  the  first 
two  adult  instars  and  becomes  less  with  each  adult  instar  up  to  the 
tenth,  after  which  time  the  size  of  the  animals  remains  relatively  con- 
stant (L.  A.  Brown,  unpublished  data).  It  may  be  observed  in  Fig. 
8  that  the  amount  of  regeneration  decreases  with  age.  The  decrease 
in  the  amount  of  regeneration  is  not  equivalent  to  the  decrease  in  the 
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aniuunt  of  growth.  Gocllewski  and  Latinik  (1930)  reported  that  in 
the  tail  of  the  axolotl  growth  and  regeneration  are  largely  independent 
of  each  other. 

Durbin  (1909)  found  that  the  rate  of  regeneration  in  tadpole  tails 
was  quite  slow  at  first  hut  increased  to  a  niaxinmm  and  decreased  to 
zero  after  a  time.  Przihram  (1919)  concluded  from  experiments  on 
twenty  species  from  five  different  phyla  that  the  rates  of  regeneration 
are  most  rapid  at  the  beginning  of  the  process  and  decrease  as  regen- 
eration continues.  A  study  of  Figs.  10  and  11  shows  that  the  amount 
of  regeneration  is  greatest  at  first  and  decreases  as  the  process  continues. 

The  results  here  presented  agree  in  general  with  the  findings  of 
Carrel  and  Hartmann  (1916)  for  the  cicatrization  of  wounds  in  man, 
in  that  the  rate  is  proportional  to  the  area  of  the  wound. 

Ebeling  (1922)  reported  that  the  value  of  the  Q10  was  2  for  the 
rate  of  cicatrization  of  wounds  in  alligators.  The  value  of  the  Q,,,  for 
the  instar  length  of  young  adult  female  I)af>hma  mayna  is  approximately 
2.3  between  the  temperatures  15°  and  25°  C.  (Anderson  and  Brown. 
1930).  \\hile  instar  length  varies  directly  with  the  temperature,  the 
amount  of  regeneration  is  relatively  unaffected.  The  rate  of  regenera- 
tion taken  on  the  basis  of  absolute  time  units  would  therefore  be  affect cd 
by  temperature  to  the  same  degree  as  is  instar  length. 

One  may  conclude  that  the  amount  of  regeneration  during  any 
single  adult  instar  is  a  parabolic  function  of  the  area  of  the  wound 
during  that  instar,  and  is  independent  of  the  temperature,  but  decreases 
with  the  age  of  the  animal  and  to  an  even  greater  extent  with  the  age 
of  the  wound. 

SUMMARY 

1.  This  report  deals  with  a  study  of  the  amount  of  regeneration  in 
the  carapace  of  Daphnia  iiuu/na. 

2.  Tlu-  amount  of  regeneration  during  any  adult  instar  is  a  parabolic 
function   of   the   area   of    the    wound    during    that    instar   and    may   be 
expressed  by  the  equation 

y-    a(x    -y)'', 

when1  y  is  the  amount  of  regeneration;  .r,  the  area  of  the  wound;  and 
(/  and  k  constants. 

3.  The   amount    of    regeneration    during   any   adult    instar   decreases 
with  the  age  of  the  animal. 

4.  The  amount  of  regeneration  (luring  adult  instars  is  independent 
of  the  temperature. 

5.  The   amount    of    regeneration    during   any   adult    instar   decreases 
with  the  age  of  the  wound  but  to  a  greater  extent   than  when  the  age 

the  animal  alone  is  considered. 
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6.  These  results  have  been  discussed  with  reference  to  those  secured 
by  others  for  relatively  complex  structures. 
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MITOSIS  IN  THE  ECTODERMAL  EPITHELIO-MUSCULAR  CELLS  OF  HYDRA 

CARL  II.  McCOXNELL 
HARTWICK  COLLEGE,  ONEOXTA,  NEW  YORK 

INTRODUCTION  AND  HISTORICAL 

Various  workers  with  Hydra  have  come  to  the  conclusion  that  the 
ecto-epithelio-muscular  cells  of  Hydra  do  not  divide,  and  that  if  mitotic 
figures  are  found  in  them  it  is  the  exception  rather  than  the  rule. 
Downing  (1905)  says,  "In  all  the  sections  studied  mitosis  has  been 
the  universal  mode  of  division  in  the  interstitial  cells,  the  exceptional 
mode  in  the  ectoderm  cells  and  amitosis  the  constant  rule  in  the  endo- 
derm  cells.  Fig.  5  shows  an  ectoderm  cell  in  process  of  amitotic  division. 
At  first  it  was  thought  this  was  the  only  mode  of  division  of  the  ectoderm 
cells.  But  a  few  cases  have  been  observed,  only  two  or  three  in  hundreds 
of  sections,  however,  where  mitosis  occurred  in  an  undoubted  ectoderm 
cell.  Schneider  had  observed  and  figured  mitosis  in  an  ectoderm  cell. 
But  cell  multiplication,  except  of  the  interstitials  seems  to  be  almost 
invariably  amitotic."  (Pages  411^-12.) 

Strelin  (1928)  says,  "  K.  C.  SCHNEIDER  (1890)  findet  in  seim-r 
eingehenden  zytologischen  Untersuchung  gar  keine  Dbergangszellen- 
formen  zwischen  den  I.  Z.  einerseits  und  den  Epithelmuskelzellen  ander- 
nseits;  cleshalb  ist  er  geneigt  7.u  denken,  das  die  Neubildung  der 
Epithelmuskelzellen  auf  Kosten  der  Teilung  der  dilTeren/ierten  Ele- 
mente  stattfindet.  Als  Bestatigung  t'iihrt  SCIIXKIDKR  die  Teilungs- 
bilder  der  Epithelmuskelzellen  an. 

"  Vielen  Autoren  ist  es  aber  gar  nicht  gelungeii.  in  den  spezialisierten 
Zellen  der  Hydra  .Mitosen  Y.\\  beobachten  ;  ich  konnte  eben falls  in  diesen 
Xellen  kein  einxiges  Mai  .Mitosen  beobachten.  ohgleich  ich  zu  diesem 
Zwecke  eine  grosse  Zahl  von  Schnittm  durchgesehcn  babe.  SCHNEI- 
DER (1890),  STECHE  (1911  i.  GELE1  <  1"24),  MATTES  (1925), 
KAXAJEIO  (!''_'<> )  u.a.  liaben  in  den  xpezialisierten  Xellen  Mitosen 
angetroffen,  sie  halten  aber  dieselben  fnr  eine  seltene  Erscheinung.  Es 
M  <laher  kaum  moglich.  die  Neubildung  der  Epithelxellen  ausschlies- 
-^lii-b  duirb  die  Yermehrung  dcrsclbc-n  s.u  erklaren."  (  I 'age  274.) 

\\C  see  then  (bat  Strelin  maintains  that  the  indifferent  cells  are 
transformed  into  ecto-epithelio-niuscular  cells  in  mitosis.  He  further 
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states,  "  Die  Frage  dariiber,  auf  welche  Weise  aus  einer  ganzen  Gruppe 
kleiner  junger  Kpithelzellen  nur  mehr.ere  Elemente  entstehen,  ist  fiir 
mich  nicht  ganz  klar,  um  so  niehr,  als  die  Zahl  der  Zellen  sich  stets 
durch  Vermehrung  vergrossern  nuiss.  Es  ist  moglich,  dass  im  gege- 
benen  Falle  die  Riickentwicklung  der  jungen  Epithelzellen  in  Inter- 
stitiellzellen  stattfindet;  es  ist  aber  viel  wahrscheinlicher,  dass  einige 
junge  Epithelzellen  auf  den  .  \nfangsstadien  ihrer  Entwicklung  aufge- 
halten  werden.  In  den  grosseren  von  den  jungen  Epithelzellen  kommen 
ebenfalls,  wie  oben  vermerkt  wurde,  Mitosen  vor;  man  muss  aber 
bemerken,  dass  je  mehr  die  Zellen  differenziert  sind,  desto  seltener  in 
ihnen  Mitosen  vorkommen ;  in  den  erwachsenen  Epithelzellen  ist  es  mir 
niemals  gelungen,  wie  ich  bereits  erwahnt  habe,  Mitosen  zu  begegnen." 
(Pages  278-279.)  We  see  further,  that  Strelin  noticed  the  difference 
in  the  size  of  the  indifferent  cells,  but  he  calls  the  larger  of  these,  which 
he  found  in  mitosis,  "  jungen  Epithelzellen "  and  thinks  that  when 
these  "  jungen  Epithelzellen  '"  are  further  transformed  into  ecto-epi- 
thelio-muscular  cells  they  never  divide. 

McConnell  (1930  and  1932)  has  demonstrated  the  mitosis  of  the 
endo-epithelio-muscular  cells  and  made  reference  to  the  mitosis  of  the 
ecto-epithelio-muscular  cells.  Owing  to  the  fact  that  so  many  mitotic 
figures  have  been  found  (and  easily  found)  in  the  ecto-epithelio-mus- 
cular cells,  it  was  decided  to  make  a  study  of  this  process  to  clarify 
the  question  of  mitosis  in  these  cells. 

MATERIALS  AND  METHODS 

Pehnatohydra  oligactis  was  used  in  this  study.  The  material  was 
collected  in  the  vicinity  of  the  University  of  Virginia,  Charlottesville, 
Virginia,  U.  S.  A.;  the  University  of  Ljubljana,  Ljubljana,  Jugoslavia; 
the  Kaiser  Wilhelm-Institute  for  Biology,  Berlin-Dahlem,  Germany. 
Preparations  studied  were  as  follows:  without  buds  105,  with  buds  75, 
with  testes  15,  with  ovaries  and  testes  7,  with  ovaries  3.  These  Hydra 
were  killed  and  fixed  in  the  following  solutions :  in  Bouin's,  in  Flem- 
ing's, in  Carney's  acetic  alcohol,  and  in  Zenker's.  Sections  were  cut  at 
five  and  seven  microns.  Staining  was  done  on  the  slide  with  iron- 
hematoxylin  and  acid  fuchsin,  with  Delafield's  hematoxylin,  and  Bor- 
deaux red ;  methyl  violet  and  water-soluble  eosin  were  also  used  in 
some  instances.  The  preparations  were  mounted  in  Damar  and  Canada 
Balsam.  They  were  studied  with  a  compound  binocular  microscope 
equipped  with  430)  dry  and  97'  oil  immersion  objectives;  5  X, 
10  X,  and  IS  ^,  paired  oculars  were  used.  Microphotographs  were 
made  at  magnifications  of  430  X-  860  X,  and  970  X,  during  which 
processes  an  Orsam  point-light  was  used. 
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PROPHASE 

During  the  prophase  the  nucleus  enlarges  and  moves  slightly  to- 
ward a  central  distal  position ;  it  takes  nuclear  stains  much  more 
intensely  than  do  the  normal  resting  nuclei.  (See  Fig.  3,  Plate  I.) 
The  number  of  nucleoli  varies  from  one  to  four,  and  they  remain 
evident  up  until  the  beaded  spireme  is  formed.  The  entire  cell  rounds 
up  and  the  muscular  processes  are  withdrawn  from  the  mesoglea.  This 
rounding-up  process  gives  a  characteristic  swollen  appearance  to  the 
area  where  the  mitosis  is  taking  place.  The  beaded  spireme  is  very 
active  in  the  nuclear  area  and  may  be  seen,  in  maceration  preparations, 
to  be  very  actively  whirling  about.  There  are  twelve  chromosomes  of 
V-shape. 

METAPHASE 

The  chromosomes  line  up  on  the  equatorial  plate  with  the  tips  of 
the  Y's  pointed  to  the  center.  The  asters  and  centrioles  are  quite 
prominent.  The  chromosomes  start  dividing  at  the  tip  of  the  V,  and 
continue  dividing  longitudinally.  As  the  open  arms  of  the  daughter 
chromosomes  recede,  they  remain  connected  by  spindle  fibers. 

ANAPHASE 

As  the  daughter  chromosomes  approach  the  division  centers  the 
tips  of  the  Y's  fuse  slightly,  with  the  ends  of  the  daughter  chromosomes 
protruding  in  various  directions.  As  they  move  towards  the  pole  the 
centriole  becomes  more  and  more  indistinct  and  gradually  disappears. 

PLATE  I 

1.  Resting  nucleus  with  four  nucleoli.     Bouin's;  iron-hetnatoxylin.     776  X. 

2.  Early  prophase  to  the  left,  and  daughter  cell  to  the  right.     Bouin's;  iron- 
hematoxylin,  and  acid  fuchsin.     776  X. 

3.  Lower  left,  normal  resting  nucleus;   upper  right,  later  stage  of  prophase. 
Bouin's;  iron-hematoxylin  and  acid  fuchsin.     776  X- 

4.  Prophase  just  prior  to  the  disappearance  of  nuclear  membrane.     Bouin's; 
iron-hematoxylin.     776  X- 

5.  Same  as  No.  4.     Bouin's ;  iron-hematoxylin  and  acid  fuchsin.     776  X. 

6.  The  metaphase  chromosomes.     Bourn's;   iron-hematoxylin.     776  X. 

7  and  8.  Two  metaphase  stages.  Notice  the  slight  hulge  which  makes  this 
stage  very  noticeable.  Bouin's;  iron-hematoxylin  and  acid  fuchsin.  776  X- 

''.  Metaphase  from  the  base  of  tentacle.  Bouin's;  iron-hematoxylin  and  acid 
fuchsin.  776  X. 

10.  Metaphase.     Fleming's;  iron-hematoxylin  and  acid  fuchsin.     776  X- 

11.  Metaphase.     Carnoy's  acetic  alcohol;    iron-hematoxylin  and  acid   fuchsin. 
. 

1J.   Metaphase    perpendicular    to    mesoglea.     Zenker's;    iron-hematoxylin    and 
;  '    111.     776  X. 
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TELOPHASE 

Upon  reaching  the  area  where  daughter  nuclei  will  he  formed  the 
chromosomes  expand  very  quickly  and  reconstruct  nuclei.  The  cleav- 
age furrow  is  most  noticeahle  in  mitotic  figures  in  areas  where  the 
cells  are  not  closely  crowded  together  or  when  the  animal  has  been 
killed  and  fixed  in  an  expanded  condition.  After  the  daughter  cells 
are  separated  and  the  nuclei  are  in  the  process  of  being  reconstructed, 

TABLE  I 


No. 
of 
prepa- 
rations 

Prophase 

Metaphase 

Anaphase 

'Telophase 

early 

late 

early 

late 

early 

late 

early 

late 

With  ovaries  and  testes  

7 
3 
15 
75 
105 

12 
4 
42 
92 
101 

13 
9 

17 

27 
47 

11 

17 
31 
46 
30 

10 

12 
19 
24 
21 

2 
6 

4 
4 

7 

4 
2 

9 

17 

27 

9 
14 
20 
29 
49 

6 
27 
14 
34 
10 

\Vith  ovaries 

With  testes  

With  buds  

Without  buds 

Total  

205 

251 

113 

135 

86 

23 

59 

121 
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that  part  of  the  cell  which  lies  nearest  the  mesoglea  begins  to  push  its 
way  down  between  the  surrounding  cells  toward  the  mesoglea ;  and, 
when  this  is  reached,  forms  muscular  processes. 

OCCURRENCE  OF  MITOSIS 

As  stated  above,  two  hundred  and  five  preparations  were  studied ; 
Table  I,  showing  the  different  stages,  would  seem  to  indicate  that 
mitosis  is  the  rule  rather  than  the  exception.  Thus  we  find  a  total  of 
879  mitotic  figures  in  205  preparations. 

PLATE  II 

13.  Metaphase  perpendicular  to  mesoglea.     (Compare  with  No.  7,  Plate  I.) 
Bouin's ;  iron-hematoxylin  and  acid  fuchsin.     776  X. 

14.  Anaphase.     Fleming's  ;  Delatield's  hematoxylin.     776  X. 

15.  Anaphase.     Carney's   acetic    alcohol;    iron-hematoxylin    and   acid    fuchsin. 

776  X. 

16.  Anaphase.     Bouin's ;   iron-hematoxylin  and  acid  fuchsin.     776  X. 

17.  Anaphase.     Fleming's;  iron-hematoxylin.     688  X- 

18.  Anaphase.     Note  large  vacuole  between  achromatic  figure  and  mesoglea. 
Bouin's ;  iron-hematoxylin  and  acid  fuchsin.     776  X- 

19.  Anaphase  from  base  of  tentacle.     Bouin's:  Delafield's  hematoxylin.     776  X. 

20.  Anaphase.     Bouin's;  iron-hematoxylin.     688  X. 

21.  Telophase.     Bouin's;   iron-hematoxylin  and  acid   fuchsin.     776  X. 

22.  Late  anaphase.     Fleming's;  iron-hematoxylin.     688  X. 

23.  Telophase.     Zenker's ;  Delafield's  hematoxylin.     776  X. 

24.  Telophase   from    tip   of   growing    bud.     Fleming's ;    iron-hematoxylin    and 
acid  fuchsin.     776  X- 
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These  niitotic  figures  arc  found  in  all  parts  of  the  Hydra's  body 
except  in  the  epithelio-muscular  cells  of  the  tentacles.  The  number 

nf  mitotic  figures  varies  greatly  as  tn  the  region  of  the  body;  the 
majority  are  found  in  all  cases  in  the  upper  two-thirds  of  the  body; 
however,  many  may  lie  found  in  the  Mi-called  "stalk-region"  and  on 
the  pen-tome.  These  dividing  cell-  may  also  be  found  in  the  basal 
disc,  but  this  appears  to  be  rather  rare. 

In  the  majority  of  cast's,  the  achromatic  figure  during  the  nn-taphase 
is  parallel  to  the  mesoglca  ;  however,  in  some  exceptional  cases,  one 
finds  tlu-  metaphase  spindle  arranged  perpendicularly  to  the  mesoglea, 
in  which  case  one  of  the  daughter  cells  is  buried  under  the  surrounding 
epithelial  cclN  ;  the  fate  of  these  buried  cells  has,  as  yet.  not  been  deter- 
mined, i  Fig.  12,  Plate  I.  Fig.  13,  Plate  II.  and  Fig.  36,  Plate  III.) 

DISCUSSION 

Kanajew  (  1'  '.ii  >  ) .  who  worked  quite  extensively  on  the  problem  of 
regeneration  in  H\dra,  and  who  reviewed  all  of  the  literature  on  re- 
generation, says;  "Mitoscn  sind  nur  in  den  I-Xellen  liiiut"ig.  In  dif- 
feren/icrten  l-.kto-  und  Fndodcrm/ellcn  babe  nur  scltcue  Falle  der 
Zellvermehrung  bemerkt."  Since  Kanajew  was  working  on  regener- 
ating Hyilra  and  not  Hydra  in  their  normal  condition,  it  is  quite  natural 
that  he  should  nol  t'md  many  case--  of  the  mitosis  of  the  ecto-  and 
endo-epithelio-muscular  cells.  The  indifferent  interstitial  cells,  as  he 
noted,  art'  found  in  mitosis  in  Hydra  under  all  conditions  of  experi- 
mentation. 

Threlkeld  and  Mall  i  1'L'S),  in  their  experiments  upon  Hydra  under 
determined  ion  concentration,  starved  H\dra  over  long  perio<ls  of  time. 


PLATE  111 

25.  Telophase.     Xenker's ;  iron-hematoxylin.     776  X. 

J'i.   Tdophase.      Carnoy's   acetie   alcohol;    I  H-laheld's   lu-niati  ixylin.     776  X. 
27.  Telophase    from    tip    of    hud.     Xolr    remains    of    spindle    fibers.     I'.ouin's ; 
iron-hematoxyliii.     688  X- 

Telophase.      X..U-    remains    of    spindli-    liln-rs.      I'.oiiin's;    Delafield's    lirnia- 
lin.    688  X- 

29.    I .ati-    ti-lo])lia-r.    from    peristomal    region.      I'iouin\;    iron-hematoxylin    and 
•!  fnclisin.     77o  X- 

.id.  M,  and  o_'.  Staur-.  at  \vliirh  the  dau.uliti-r  relU  he^in  .L;ro\vin»-  down  to- 
ward tlu-  nu-sicjlca.  \\hcrc  mu-rular  jiroresses  will  be  formed.  Bouin's ;  Dela- 
lield's  lu-mato\y]iii  and  l'.'>nlr:in\  red.  77'' 

.xv   The   tun   daughter   I'elU   resulting    from    tin1   division   of   one  of  the  mum- 
cells    "i    the   l>a>al    disc.     I'.oiiin's;    iron-hematoxylin    and   acid    Euchsin. 
776 

34.   A    cro        ection   throuL:h   the-   lower   third   of  a   Hydra's  body,   showing  a 
t  ./,  and  a  inetaphase  at  /.'.      I'.ouin's  ;  iron-hematoxylin  and  acid  fuchsin. 
344 

o5.  The   re-nit    of  division   of  an  epithelio-muscular  cell  when  the  inetaphase 
not  parallel  to  the  mesoglea.      llonin's;  iron-hematoxylin.     344  X. 

me  as  Xo.  35.     The  hnried  cell,  B,  has  arisen  from  the  cell  A.     776  X. 
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PLATE  III 


28. 


29. 


CARL  II.  McCOXXKI.I. 

A  study  "f  one  ()f  these  preparations    ( 1 1  \ili\i  starved   19  days), 

loaned  to  me  hy  one  of  the  authors,  revealed  the  following  figures  ^iven 
in  Tahle  II. 

TABLE  II 


1  '•    -,'hase 

Mrtaphase 

.  \naiiliase 

Teloplmse 

l-.rii  (-indifferent  

5 

8 

3 

1 

Secretory  cells  

1 

1 

0 

0 

Endo-epithelio-muscular 

0 

0 

0 

0 

Endo-indifferent 

0 

0 

0 

0 

Ecto-epithelio-rnuscular    . 

2 

1 

0 

I 

\\  e  see  from  Tahle  11  then  that  the  division  of  the  cells  of  Hydra 
may  take1  place  under  the  most  adverse  circumstances,  namely,  reduction 
and  resi  irption,  and  starvation. 

It  appears  from  all  the  material  studied  that  mitn-i-  is  a  normal 
process  in  the  ecto-  and  endo-epithelio-muscular  cells  of  //y</n;.  It 
must  he  admitted  that  occasionally  one  finds  nuclei  which  nii^ht  i;ive 
the  ;i]i|iearancc  of  having  arisen  hy  amitosis  ;  hut  these  cases  are  so  rare 
and  MI  dil'licult  to  account  for,  that  they  can  hest  he  omitted  in  the 
] indent  discussion.  It  may  he  noted  in  passing  however,  that  these, 
which  a])] tear  to  hi-  amitotic  divisions,  s,  mietimes  occur  side  hy  side  with 
cells  which  an-  ,^oiii^  through  the  process  of  mitotic  <livision. 

If  we  assumed  that  the-  epithelio-muscular  cells  did  not  divide  hut 
wen-  eveiituallv  replaced  hv  cells  which  were  elahorated  Ironi  the  indif- 
ferent cells,  we  should  Constantly  lind  the  inditVerent  cells  of  the  CCtO 
derm  in  the  rather  constant  process  of  i-nlar^'in^  to  almost  four  tiiiK's 
tht-ir  normal  size;  developing  a  muscular  process  with  a  mvoiicmc;  and 
developing  lar-c  vacuoles,  all  of  whicli  are  characteristic  of  the  ecto- 
epithelio-muscular  cells.  If  \ve  assunu-d  that  the  endo-epithelio-muscular 
cells  did  not  divide  we  should  iind  the  various  stages  of  the  endo- 
interstitial  cells  in  which  they  are  developing  muscular  processes,  I  ood 
vacuoles,  and  (lamella;  hut  this  is  not  true  of  any  of  the  material  studied 
SO  far,  for  at  no  time  were  there  Imind  any  indillerent  cells  which 
ini^ht  even  he  mistaken  or  descrihed  as  assuming  any  of  the  Eoregoing 
characteristics  of  the  endo-  or  ecto-epithelio-muscular  cells.  It  seems 
then  that  these  endo-  and  ecto  epithelio-muscular  cells  are  self -propagat- 
ing hy  the  process  of  mitoMs  and  that  the  endo-  and  ecto  inditVerent  cells 
are  <  oncerned  not  with  replacing  them,  hut  \\ith  other  processes,  nanieK, 
with  the  formation  of  sperm,  eggs,  nematocysts.  and  in-rvi-  net  cells 
of  the  ectoderm  ;  and  the  formation  of  nerve  cells,  secretory  cells  of 
•  neral  endoderm,  and  pcristoinal  -land  celN  of  the  endo  peristomal 

oil. 


MITOSIS  IN  HYDRA  95 

SUMMARY 

1.  The  ecto-epithelio-muscular  cells  of   Hydra  divide  by  mitosis. 

2.  A    cent  Hole    and    asters    are    present.     There    are    12    Y-shaped 
chromosomes. 

3.  These  mitotic  divisions  take  place  in   ll\dra  under  all  conditions. 

4.  There  is  no  evidence  that   the  indifferent   interstitial  cells  of  the 
ectoderm  or  endoderm  are  elaborated  into  the  lar^e  epithelio-muscular 
cells. 
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J  NTRODUC1  lo  \ 

Schneider  (  iS'Mi  dc-cribed  the  secretory  cells  of  the  endoderm  of 
Hydra  as  follows:  "  !  )ic  Drusenzellen  haben  2  oder  .}  (iei-seln,  sind 
kurz  oval  und  sclten  am  basalcn  Knde  mil  t-iner  Verlangerung  versehen. 
Sie  fiithalten  im  Iniiern  c-in  idan/cnde-  Sckret.  das  in  rundlichen  llallen 
das  J'rotopla-ma  erfnllt.  1  )er  Kern  lie^t  am  hasalen  Knde.  An  der 
Mund-cheibe  hahen  sie  rnndliche  <  ie-talt  und  /ei^en  das  1  "n  ilojilasnia 
n-dncirt  ant"  ein  diinnmaschiges  Xi-tx.  An  dm  Tentakeln  fehlen  sie. 
Sii-  liildi-n  sich  ans  dctn  subepithelialen  (jewelic."  (Pa^'e  .1(0.) 

J'.urch  (1('2S).  who  studied  the  endodermal  tla-rlla.  says:  "  The 
secreting  cells  of  thi-  general  endoderm  are  elnh  >ha])ed  with  tlir  -mailer 
end  ilin-eteil  toward  the'  meso^k-a.  The  distal  end  bears  oiu-  or  two 
fla^ella.  The  distal  half  of  the  cell  is  much  vacnolated  and  in  well-fed 
>]iccimcns  these-  vacnoles  i-oiitain  darkly  staining  material  called  hy 
Schneidc-r.  '  Sekrethallen.'  The  hasal  end  is  flarkly  granular  and  hear- 
no  niyipiu-me."  i  I  "a^e  5_M. ) 

Downing  il('()5)  maintained  that  the  endodermal  cells  all  divide 
amitotically  ;  hut  it  has  been  found  that  the-e  secretory  cells  dividi-  by 
mito-i-  as  \\ell  a-  do  tin-  endodermal  epithelio-muscular  cells.  The 

retory  cell-  ba\c  a  mitotic  li-ure  -li-htly  -imilar  to  the  endo  inter- 
-titial  cell-  from  \\-hich  they  arise  in  that  the  a-tral  rays,  if  j>re-ent,  are 
ly  very  slightly  differentiated,  and  in  the  apparent  ah.-cnce  of  centro- 
SOmes.  Centrioles  are  fniind  and  lie  \vithin  the  nuclear  area. 


M  VTERIAL   AND    M  ETHODS 

r<liiHili>li\'ili'(i   iilit/nclis   1'iiHiis   was   u-ed    in   the   study   of    mito-is   in 
tin  retory    cell-.      Ilydni    having    buds,    testes,    and    ovaries    were 

killed  in  I'.oiiin'-.  Xenkcr'-.  and  Camoy's.  Sections  were  cut  at  5  and 
7  micron-  after  embedding  in  paraffin.  Staining  was  doiu-  on  the  -lide 
with  iron  hematoxylin  and  acid  fuch-in.  Monntiii^-  were  made  in 
Damar.  and  the  -ection-  were  -tudied  with  a  compound  binocular  micrn- 
SCOpe  e<|iii]>]>ed  with  ''7  nil  iminer-iou  objective,  and  ]D  [  and  15 
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I'KOIMIASK 

The  early  stages  of  the  prophasc  are  dit'tieult  to  follow.  The  nuclear 
membrane  remains  ])roininent  and  stains  darkly  until  the  spireme  breaks 
tip  into  chromosomes.  The  nucleolus  also  remains,  apparently  unal- 
tered, up  until  the  disappearance  of  the  nuclear  membrane.  (See  Figs. 
2  and  3,  Plate  I.)  The  chromosomes  are  V-shaped  and  arrange  them- 
selves in  the  equatorial  plate  with  the  tips  of  the  \"s  toward  the 
center  of  the  spindle.  The  spindle  fibers  are  quite  prominent  and 
converge  sharply  at  each  pole,  which,  in  many  case's,  does  not  touch 
the  surrounding-  cytoplasm.  Astral  rays  and  centrosomes,  if  present, 
are  not  discernible.  The  centriole  up  to  this  stage  has  not  been  found, 
but  with  the  formation  of  the  polar  spindle  fibers  it  takes  the  stain  very 


FIG.  1 


FIG.  2 


TEXT  FIG.  1.  Section  of  cell  through  division  center  which  shows  centriole  in 
old  nuclear  area,  A. 

TEXT  FIG.  2.  Daughter  cell  with  remains  of  spindle  fibers  at  A ;  the  centriole 
being  enclosed  in  nuclear  area. 

intensely  and  lies  within  the  old,  slightly  enlarged  nuclear  area. 

METAPHASE 

The  chromosomes  divide  longitudinally,  division  starting  at  the  tips 
of  the  Vs.  As  they  separate  the  daughter  chromosomes  remain  con- 
nected by  interzonal  fibers  which  stain  darkly. 

ANAPHASE 

As  the  daughter  chromosomes  approach  the  poles  their  tips  fuse 
upon  coming  in  contact,  forming  a  deeply-staining  mass.  This  mass 
of  chromosomes  seems  to  enlarge  slightly  when  it  reaches  the  area  where 
the  new  nuclei  will  be  formed.  This  enlargement  is  not  one  of  vacuoli- 
zation,  but  one  of  enlargement  of  the  individual  chromosome  itself  prior 
to  vacuolization.  The  centriole  is  enclosed  within  the  nuclear  area  by 
the  formation  of  the  nuclear  membrane.  (See  Text  Figs.  1  and  2.) 
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The  inter/oiial  fillers  remain  until  after  tin-  cell  divides  to  form  the 
daughter  cells.  Those  portions  of  it  which  lie  within  the  area  where 
the  new  nuclei  are  to  hi-  funned  disappear  first,  leaving  a  >mall  thread 
of  old  inter/oiial  tilu-r  material  which  remain--  in  the  cytoplasm  of  one 
i'f  ihe  daughter  cells. 

TELOPH  \H: 

Tin-  polar  spindle  fillers  disappear  at  the  time  of  the  enlargement  of 
the  chromosome  mass.  The  chromosomes  then  fUsr  and  reconstruct 
the  daughter  nuclei.  The  nuclear  membranes  arc  re  formed  and  en- 
cki-e  the  ceutriolr  within  the'  nuclear  area;  the  nucleolus  reappears  at 
ahout  the  same  time.  The  old  thread  of  inter/oiial  filters,  which  re- 
mained in  the  cytoplasm  of  OIK-  of  the  daughter  cells,  disappears  at 
ahout  the  time  the  nucleus  reaches  it<  normal  size;  apparently  it  is 
absorbed  during  the  ]ieriod  of  growth. 

DISCUSSION 

Interstitial  cells  are  found  hoth  in  the1  endoderm  and  ectoderm  of 
flvdrn.  As  is  well  known,  those  of  the  ectoderm  may  develop  into 
cnidohlasts,  nervous  elements,  sperm,  ei^'s,  and,  according  to  Strelin 
i.  they  may  also  he  metamorphosed  into  epithelio-muscular  cells 


PLATE  I 

I.  Secretory    cell    from    Pelmatohydra    oliiniclls.     From    a    preparation    fixed 
in  r.i'iiin's  and  stained  \vith  iron-hematoxylin.     X  -430. 

J.  Spireme  stage  "f  secretory  cell  with  nuck-ohis  still  ]in->i'iit.  Fixed  in 
Benin's.  Staini-d  with  iron-hematoxylin  and  acid  fnchsin.  X  350. 

.v  StaiM-  in  which  ihr  spireme  has  sr.mncntcd  into  chi'i  >in.  >s,  inu-s  and  the  nu- 
•  his  has  cutirrly  di-appi  arid.  l;ixrd  in  ('anioy's  acetic  ak'i'linl  and  Maincd 
with  iron-hematoxylin.  X^(l()- 

4.  l;arly  nicta]iliasc  seen    fnun  the  s]iindlc  md  of   the  mitntic   1'i.uurr.      l;i\cd   in 
Xcnkcr's.     Stained    \vitli    iron-hematoxylin    and   acid    fnchsin.       -'.v^O. 

5.  Mi'ta])lia-c    seen     from    the    side.      l;i\rd    in    hot     Bouin's    and    stained    with 

in  >n  -hematoxylin.     y,  ^50. 

I.  ate  inelapha-r.      Fixed   in   hoi    I'.onin'-.      Stained  with  inm-hematoxylin  and 
i    fnchsin.      X  -^(|. 

7.    .  \naphasc.      l-'ixrd    in    X.-nker's    and    stained    with    iron-lirmatc  >\ylin.      X  4^. 
N.    I.ate  ana])hase.      l-'i\ed   in  hot   Zenker's.      Stained   with  iron-hcniatoxylin  and 
acid    mchsjn.      y  .^50. 

''.   T-  lopha  e.      Fixed     in     Carnoy's     acetic    alcohol.      Stained    will)     iron-lH-ina- 
lin   and   acid    fnchsin.      X  ^25. 

Id.  'I'elophasc.  |;ixi-d  in  hot  I'.onin's  and  stained  with  in  m-hcniatoxvlin. 
X  31  II  i. 

II.  Latr   trlophasr.      \-"\\<-<\    in    hoi    I',,  mill's   and    stained    witli   iroii-hcmato\ylin. 

!_'.    Ilan-hter   ci-lls.      N'utc    <>\>\    spindle    remains    in    cytoplasm   at    (.•/").     Fixed 
arnoy's    acetic    alcohol    and    stained    with    iron-hematoxylin.     X  350. 
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of  the  ectoderm.  The  interstitial  cells  of  the  endoderm  may  he  elabo- 
rated  into  secretory  cells  found  associated  with  tin-  epithelio-muscular 
cells  of  the  lateral  walls  of  the  Hydra's  hody.  They  may  also  he  elabo- 
rated  into  the  peristomal-gland  cells  of  the  oral  region;  finally,  they  may 
he  elahorated  into  nervous  elements  associated  with  the  endodenn. 

There  are,  however,  several  interesting  points  to  he  considered  in 
connection  with  the  interstitial  cells  relative  to  their  location  in  the 
Hydra's  hody.  Downing  (1905),  in  his  work  on  sperm  formation,  has 
shown  that  those  interstitial  cells  of  the  ectoderm  which  are  taking  part 
in  sperm  formation  go  through  a  series  of  mitotic  divisions.  Again,  in 
his  work  on  ovogenesis  (1909)  he  has  shown  that  the  egg  arises  from 
an  interstitial  cell  of  the  ectoderm  and,  at  maturation,  casts  off  two 
polar  bodies.  These  observations  were  confined  to  the  interstitial  cells 
which  were  involved  in  the  sexual  activity  of  the  Hydra ;  however,  when 
one  studies  the  interstitial  cells  of  the  ectoderm  which  are  developing 
into  cnidoblasts  he  is  forced  to  the  conclusion  that  after  the  anlage  for 
a  nematocyst  has  appeared  in  the  cytoplasm  of  the  ectodermal  inter- 
stitial cell,  that  cell  is  incapable  of  further  division. 

When  one  studies  the  endodermal  interstitial  cells  he  finds  that  they 
are  able  to  divide  by  mitosis.  When  he  further  studies  the  cells  of  the 
endoderm  which  arise  from  these  endodermal  interstitial  cells,  he  finds 
that  they  too  are  able  to  increase  their  number  by  mitosis  after  they  have 
been  metamorphosed  into  secretory  or  peristomal-gland  cells;  as  well 
as  after  the  secretory  particles,  which  are  functionally  of  a  different 
nature  in  these  two  groups  of  cells,  have  appeared  in  their  cytoplasm. 
This  is  quite  in  contrast  to  some  of  the  ectodermal  interstitial  cells, 
which,  after  once  being  destined  to  play  a  part  in  the  general  activity 
of  the  Hvdra's  life,  are  incapable  of  further  division. 

PLATE  II 

1.  Section   through   general    endoderm    to   show   distribution   of    the   secretory 
cells.     Bouin's;   iron-hematoxylin  and  acid  fuchsin.       <  776. 

2.  Early  prophase. — Bouin's  ;  iron-hematoxylin  and  acid  fuchsin.       <  776. 

3.  Prophase    of    a    secretory    cell    which    contains    already    formed    secretion 
granules.     Bouin's  ;   iron-hematoxylin  and  acid   fuchsin.       <  776. 

4.  Metaphase  of  a  secretory  cell  containing  secretory  granules.     Bouin's  ;  iron- 
hematoxylin  and  acid   fuchsin.     X  7/0. 

5.  Metaphase  seen  from  the  end.     Bouin's  ;  iron-hematoxylin  and  acid  fuchsin. 
X776. 

6.  Anaphase.     Carney's    acetic    alcohol  ;    iron-hematoxylin.       <  776. 

7    Anaphase      Carnoy's    acetic    alcohol ;    iron-hematoxylin    and    acid    fuchsin. 
X776. 

8.  Late  telophase.     Carnoy's  acetic  alcohol ;  iron-hematoxylin  and  acid  fuchsin. 
X776. 

9.  Daughter   cells   at  A    and   B.     Compare   with    normal   secretory   cell   at   G. 
Bouin's  ;  iron-hematoxylin  and  acid  fuchsin.     X  776. 
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SUM  MARY 

1.  The  secretory  cells  are  able  to  divide  l>y  mito-i-. 

2.  The  method  <ii"  mitosi-  j>  similar  to  that  of  the  cndodermal  inter- 
stitial cells   from  which  they  arise. 

,x  This  initMsis  may  take  place  after  the  secretory  granules  have 
appeared  in  the  cytMplasm  of  these  cells. 

4.  The  secretory  cells  are  able  to  increase  their  number  after  hein- 
de>tine<l  to  play  a  part  in  the  activity  of  the  Hydra's  body;  in  contrast 
with  s,  ,me  of  the  ectodermal  interstitial  cells  which,  after  bein^  destined 
to  play  a  part  in  the'  activity  of  the-  lfy<li\i.  are  incapable  of  further 
increasing  their  number. 
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THE  GROWTH   OF  THE  NUCLEUS  IN  THE  DEVELOPING 
EGG  OF  CHLOROIIVDRA   VIKIDISSIMI 

CARL  H.  McCONNELL 
HARTWICH  COLLEGE,  ONEOXTA,  XF.\V  YORK 

INTRODUCTION  AND  HISTORICAL 

The  development  of  the  egg  of  Hydra  has  been  studied  quite  thor- 
oughly by  many  workers,  chief  of  whom  are  Kleinenberg  (1872), 
Brauer  (1891),  Downing  (1908),  Tannretither  (1908),  Wager  (1909;, 
and  Kepner  and  Looper  (1926).  All  of  these  workers  have  pointed  out 
more  or  less  definitely  that  the  eggs  arise  from  indifferent  cells,  that  the 
developing  egg  grows  at  the  expense  of  the  surrounding  modified  inter- 
stitial cells  which  are  eventually  taken  into  the  egg  itself,  and  that  ap- 
parently only  one  nucleus  survives  and  becomes  the  nucleus  of  the  egg. 
It  is  interesting  to  note  in  passing  that  Kepner  and  Looper  (1926)  were 
the  first  to  show  that  the  earlier  stages  of  the  development  of  the  egg 
are  more  dependent  upon  the  endoderm  for  their  substance  than  upon 
the  modified  interstitial  cells  of  the  ectoderm  surrounding  them.  This 
fact  had  apparently  been  overlooked  by  other  workers  along  this  line. 
Most  workers  have  come  to  the  conclusion  that  the  egg  arises  from  an 
apparently  unmodified,  interstitial  cell  of  rather  average  size,  which  in  its 
earlier  stages  cannot  be  distinguished  from  the  other  interstitial  cells 
until  the  process  of  ovary  formation  is  very  much  advanced.  Several 
workers  have  observed  that  from  one  to  several  eggs  may  start  simul- 
taneous development  in  an  ovary.  Usually,  however,  only  one  survives 
and  grows  to  maturity.  Downing  (1909),  on  the  other  hand,  found 
that  an  ovary  of  H.  diircia  may  produce  several  eggs,  and  further,  ad- 
vances the  theory  that  the  interstitial  cells  which  will  later  develop  into 
eggs  are  alwavs  distinguishable  from  the  other  interstitial  cells  by  their 
size,  peculiar  nucleus  and  cytoplasmic  inclusion  adjacent  to  the  nucleus, 
and  that  they  are  self-propagating  and  thus  handed  down  from  gen- 
eration to  generation. 

These  studies  and  differences  of  opinion,  however,  deal  mostly  with 
the  origin  of  the  ovary,  the  development  of  the  eggs  by  taking  their  sub- 
stance from  the  endoderm  during  the  earlier  stages,  and  the  appropria- 
tion of  the  surrounding  modified  interstitial  cells  during  the  later  stages 
of  growth;  but  since  none  of  these  works  deal  with  or  demonstrate,  ex- 
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i  in  a  minor  way,  the  development  of  the  nucleus  of  the  egg,  it  was 
decided  to  make  a  study  of  it  at  its  various  periods  of  development. 

MATKKIAL  AND  METHODS 

C  hlorohydra  viridissimi  was  used  exclusively  in  this  experiment.  A 
well-balanced  laboratory  culture  was  made  early  in  the  month  of  August, 
and  the  animals  became  sexually  mature  about  September  first.  It  was 
observed  that  these  Hydra  were  producing  only  one  ovary  from  which 
apparently  only  one  egg  was  being  matured,  so  thev  thus  lent  thcmsches 
ijuitc  admirably  as  material  for  the  study  of  the  development  of  the 
nucleus.  The  method  of  studying  these  nuclei  was  as  follows:  The 
Hydra  were  removed  to  a  slide  upon  which  a  square  of  vaseline  had 
been  marked  out  with  a  match  stick.  The  7/\v/r</  were  placed  in  the 
center  of  this  square  in  as  large'  an  amount  of  Mundie's  macerating  fluid 
as  possible  and  then  covered  with  a  cover-glass.  By  drumming  very 
lightly  on  the  cover-glass  with  a  needle  it  was  possible  to  work  the  egg 
out  o|  the  ovarv  ;  further  slight  drumming  burst  the  egg  and  allowed 
the  nucleus  to  be-  seen.  !  !y  carefully  sliding  the  cover-glass  to  one  side 
or  tin-  other  it  was  possible  to  roll  the  nucleus  out  and  awav  from  the 
majority  of  the  surrounding  pscudocells  where  it  could  be  studied,  meas- 
ured, and  photographed.  Kxtrcme  caution  was  exercised  to  see  that  the 
nuclei  were  not  brought  under  any  pressure  so  that  thcv  remained  in 
their  original  round  condition.  When  these  nuclei  were  measured,  can- 
was  taken  that  the  focusing  was  so  adjusted  that  the  nuclei  were  meas- 
ured at  their  equator;  this  same  precaution  was  exercised  when  they 
were  photographed.  In  addition  to  the  above,  a  series  of  measurements 
and  observations  were  made  upon  nuclei  which  had  been  worked  out  in 
aquarium  water.  As  far  as  could  hi'  ascertained  no  measurable  shrink- 
age or  swelling  could  be  found,  so  the  work  was  continued  using  the 
Mundie's  macerating  fluid  since  the  nuclei  could  be  preserved  in  their 
almost  original  condition  for  from  15  to  JO  hours,  if  precautions  were 
taken  to  sec  that  the  cover-glasses  were  well  scaled  with  vaseline. 

A  compound  binocular  microscope,  equipped  with  10  Y,  43  X,  and 
'•7  objectives,  and  ;  .  10  •'.  and  15  ;  oculars,  was  used  in  this 
study. 

Tin-:  INTERSTITIAL  CELLS 

l.evdig   (IS-tS)    was  the  first   worker  to  describe  the  interstitial  cells 

of  llyib'a.      These  small  cells  lie  between  the  epithclio-inuscular  cells  of 

both    the    eetoderm    and    endoderm.      They    are    most    numerous    in    the 

lerm  bet \\een  the  epit  1  lelio-muscular  cells  of  the  upper  two-thirds  of 

'Mv/n/'s  body;  one  rarely   finds  undiffercntiatcd  interstitial  cells  on 

or  in  thi'  tentacles;   in  the  stalk  and  basal  disc  thev  are  also  often  en- 
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PLATE  I 

1.  Mature  egg  before  process  of  maturation  has  set  in.     Tip  of  pointer  indi- 
cates  position   of   nucleus.     X  90.     Dark   field   illumination   photograph. 

2.  Dark  area  indicates  a  very  small  egg  in  the  ovary.      <  90. 

3.  Mature  nucleus  just  before  process  of  maturation  has  set  in.       <  776. 

4.  Dark  field  illumination  photograph  of  an  egg  crushed  in  Mundie's  macerat- 
ing fluid.     Xote  size  of  nucleus  as  compared  to  the  surrounding  pseudocells.     X  90. 
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countered  in  varying  numbers.     Various  workers  have  slightly  different 
tcrminolMLMes  in  describing  these  cells,  such  as  follows: 

/•/rst:  Those  cells  which  were  developed  or  were  developing  into 
stinging  cells  have  been  called  "  cnidoblasts,"  "  cnidocyts,"  "  nemato- 
blasts."  and  "  neinatocyts  "  ;  sonic  have  even  used  the  word  "  nemato- 
cysl  "  to  designate  the  interstitial  cell  with  its  nucleus,  cytoplasm,  ami 
cell  or-anelle.  or  coiled  Minting  thread. 

Si'comi:  Some  have  called  all  of  the  cells  which  lie'  between  the 
epithelio-mttscular  cells  "interstitial  cells"  regardless  of  \vhether  they 
werc  in  anv  wise  ditTerentiated  and, 

Third:  Some  have  used  the  words  "indifferent  cells"  to  designate 
those  which  were  in  no  wise  differentiated.  \Ye  set'  then  that  some 
ambiguity  has  arisen  through  the  various  terminologies  which  have  been 
employed.  It  is  true,  they  are  all  "  interstitial  cells."  hut  not  all  are  "  in- 
different cells."  The  interstitial  cells  include  all  of  the  cells  which  lie 
tween  the  epithelio-muscular  cells  of  the-  body  of  the  Hydra  of  both 
tin-  endoderm  and  the  ectoderm.  The  "indifferent  cells,"  which  are 
also  interstitial,  are  the  interstitial  cells  of  hoth  the  endoderm  and  the 
ectoderm  which  are  not  differentiated  in  anv  way  and  which  may  lv 
modified  as  needed  to  various  speciali/ed  interstitial  cells  of  either  endo- 
derm or  ectoderm.  The  total  number  of  'interstitial  cells"  remains 
almost  i-i  instant  in  relation  to  the  si/c  of  the  animal;  but  the  number  oi 
'indifferent  cells"  apparently  varies  greatly  at  different  times;  these 
cells  also  vary  greatly  in  size  and  location  :  sometimes  they  lie  down  close 
to  the  bases  of  tlu-  epithelio-muscular  cells  near  the  mesoglea,  at  the 
same'  tinx  Others  arc-  found  ont  near  the  inner  snrtaces  ol  the  epi 
t helium  ;  they  may  also  be  found  among  groups  of  developing  cnidobla.sts 
or  in  v.reat  -nnips  alone.  They  are  occasionally  found,  apparently  nn- 
modilied.  in  developing  ovaries  and  under  testes.  Their  shape  varies 

PLATE   11 

1.  I.iv-'ii   field  illumination  photograph  of  an  CLJL;  crushed  in   Mundie's  mao  • 
hid.     X90. 

2.  The   nucleus   after   maturation    as    it    awaits    t'rrtilixatioii   at    tlie   liottoui   of   a 
-mall   depression    in   tin    egg    memhrane.      (  ompare    with    \o.   6,    Plato    III.       <  776. 

3.  Xhclens    of    a    ver\     younj X'otc    nuclcolns.     Tliis    was    the    smallest 

nucleus   found  in  marrrah  d  material.      Xurlrar  diameter    17.5  microns.       <  320. 

4.  I4"rom   macerated   material.      Xuelear  diameter   24.5   miennis.       <  320. 

5.  Macerated  matt  rial.      Xnrlear  diameter  -41.5  microns.       <  320. 

6.  Ma.  crated   mat,  rial.      Xudear  diameter  43. SO  microns.       <  320. 
/.    Mail  rated   material.      Xnr'ear  diameter   54. J5  microns.       <  320. 

[acerated   matrrial.  X'nchar   diameter  (.3.5  microns.       <  320. 

''.    Maccratrd   material.  X"ii<drar  iliameter  Sd.75  microns.       <  320. 

Hi.    M.I.  .rated   material.  Xnck'ar  diameter  °4.5  microns.       <  320. 

11.    Mac  (rated  material.  Xm  Icar  diameter  96.25  microns.       <  320. 

!_'.    Maieratrd   material.  Xnclear  diameter   103  microns.       \  320. 
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1.  Fixed  material. 

_'.  Fixed  material. 

,1.  Fixed  material. 

4.  Fixed  material. 


PLATI-    III 

Nuclear  diameter  ('.J5   mil  rons.  <  450. 
Xtirlear  diameter    1_'.(>5  microns.       N  450. 
Xuclear  diameter  20.50  mien  MIS.       \  450. 
Xuclear   diameter  .IS. 50  microns.     Note  how 


the  nucleoli 


have  liccii  UK  reased  in  4.  5,  and  <>.          45(1. 

5.  Fixed  material.      N'uclear  diameter  37.50  microns.          450. 

6.  Fixed   material.     Xuclear   diameter   1  H)  X  W   microns.     Note   that   this 


mi- 


just  under  the  egg  membrane. 


450. 
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greatly  in  accordance  with  the  number  of  other  interstitial  cells  in  the 
neighborhood  and  the  region  of  the  body  in  which  they  are  found.  The 
expansion  and  contraction  of  the  animal's  body,  it  has  also  been  noted, 
vary  the  shape  of  the  cells  somewhat.  During  the  late  prophase  of 
mitosis  they  assume  a  rounded  condition.  The  nucleus  has  a  very  dis- 
tinct membrane,  and  the  entire  nucleus  takes  the  commoner  nuclear 
stains  quite  readily  and  quite  intensely.  The  number  of  nucleoli  varies 
from  one  to  three,  and  they  vary  greatly  in  their  ability  to  take  up  vari- 
ous staining  solutions. 

THE  APPEARANCE  OF  THE  Er,c  AND  ITS  LATER  DEVELOPMENT 

In  sectioned  material  the  egg  may  be  identified  much  earlier  than  in 
macerated  material.  As  has  already  been  pointed  out  in  many  works 
along  this  line,  one  of  the  primary  steps  of  ovary  formation  is  the  in- 
crease in  size  of  the  indifferent  cells  in  the  area  where  the  ovary  is  to  be 
formed.  This  increase  in  size  continues,  in  many  cases,  until  these  cells 
have  enlarged  from  eight  to  ten  times  their  original  size.  During  the 
process  of  enlarging,  their  cytoplasm  becomes  highly  vacuolated  and 
their  nuclei  degenerated.  In  studying  sections  through  an  ovary  one 
finds  that  the  future  eggs  do  not  present  any  of  the  characteristics  of 
the  modified  indifferent  cells  and  take  the  ordinary  stains  quite  differ- 
ently from  the  surrounding  cells  which  they  later  engulf.  When  the 
Hydra  bearing  ovaries  are  studied  slightly  compressed  the  eggs  may 
be  identified  at  an  early  stage  by  their  color,  position  in  the  ovary, 
and  different  refraction  of  the  light  passing  through  the  ovary.  How- 
ever, it  is  very  difficult  to  identify  the  eggs  in  this  manner  until  they 
are  larger  than  the  average  modified  indifferent  cells  which  surround 
them. 

Kepner  and  Looper  (1926)  have  shown  that  the  egg  depends  first 
upon  the  endoderm  for  its  material.  This  process,  as  they  have  demon- 
strated, is  continued  until  the  egg  is  of  quite  large  size  and  has  developed 
many  pseudopodia  which  radiate  from  a  more  or  less  central  area  in  all 
directions  between  the  cells  of  the  ectoderm.  Many  observations,  made 
on  both  sectioned  and  living  material,  have  convinced  me  that  these 
pseudopodia  never  invade  a  region  or  area  in  which  the  indifferent  cells 
are  not  modified.  The  boundaries  of  the  ovary  are  very  distinct  during 
all  of  the  process  of  ovogenesis. 

The  nucleus  grows  very  fast  and  apparently  is  always  in  propor- 
tionate size  to  the  size  of  the  egg.  It  is  very  difficult  to  remove  entire 
eggs  from  the  ovary  at  an  early  stage  of  their  development,  but  during 
their  later  stages  they  may  be  removed  entire  if  caution  is  taken.  In 
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this  case  they  are  not  worked  out  in  Mundie's  macerating  fluid  but  in 
tin-  \vau-r  from  the  aquarium.  A  series  of  measurements  of  the  eggs 
and  their  nuclei  is  given  below  in  Table  I.  These  measurements  were 

TABLE  I 

KH«  Diameter  Nuclear  Diameter 

microns  microns 

1 1022.17  104.25 

2 1035.50  103.5 

3 1043.50  101.35 

4 1124.2  115.45 

5 1145.26  116.4«> 

6 1178.47  116.78 

7 1190.55  112.46 

8 1232.48  134.19 

9 1374.36  146.23 

10 1413.57  156.42 

Av.  diameter  egg 1176.004  Av.  diameter  nucleus.  .  121.712 

made  on  eggs  and  nuclei  just  before  the  process  of  maturation.  \Ye  see 
from  this  table  then  that  the  average  relation  of  diameter  size  is  1  to 
9.66-}-  for  the  egg  just  before  the  process  of  maturation  took  place. 
Whether  this  nucleo-cytoplasmic  relation  has  been  maintained  through 
the  various  periods  of  development  is  rather  difficult  to  say,  but  it  is 
interesting  to  note  that  several  authors  have  observed  that  some  eggs  in 
their  earlier  stages  are  possessed  of  several  nuclei,  only  one  of  which 
survives.  Would  this  indicate  then  that  this  cell,  which  is  to  be  tin- 
future  egg,  can  increase  in  size  only  in  relation  to  one  nucleus  or  to  only 
a  gi\en  amount  of  nuclear  material?  If  we  would  describe  briefly  the 
various  stages  of  development  from  indifferent  cell  to  the  egg  as  it 
awaits  fertilization,  we  should  see  that  we  have: 

1.  Indifferent  cell  (deriving  liquid  material  from  endoderm). 

2.  Very  much  enlarged  indifferent  cell   (deriving  liquid  material    from 

endoderm). 

3.  Very  actively  anm-hoid  young  egg  (deriving  solid  and  liquid  mate- 

rial from  endoderm  and  ectodermal  ovarian  cells). 

4.  The  egg  ceases  amoeboid  activity  and   rounds  up;  nucleus  lies  near 

center  of  egg  mass. 

5.  Mi-ration  of  nucleus  to  periphery  of  egg. 

f>.    Formation  of  first  and  second  polar  bodies  with  a  consequent  reduc- 
tion of  nudcar  size  to  about  one-eighth  of  its  size  at  Stage  4. 

\Ye  see  th<-n  that  this  nucleus,  up  to  Sta-c  4.  is  controlling  a  certain 
amount  of  cytoplasm;  or  vice  versa,  that  the  cytoplasm  is  increasing  in 
amount  in  relation  to  a  certain  proportion  of  nuclear  material.  It 
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appears  that  the  cessation  of  the  taking-  in  of  more  material  would 
indicate  that  after  the  nucleus  has  reached  a  certain  size  it  controls  the 
action  of  the  cytoplasm,  since  it  has  been  observed  many  times  that 
when  this  amoeboid  activity  ceases  and  the  rounding-up  process  takes 
place  there  are  many  pseudocells  very  opportunely  placed  so  that  the 
cytoplasm  of  the  egg  could  take  them  in  with,  may  I  be  permitted  to 
say,  very  little  effort.  Would  this  not  indicate  that  the  nucleus  is 
through  with  its  growth,  since  it  allows  no  more  additions  to  the  cyto- 
plasm, and  that,  at  least  at  this  period,  it  has  a  definite  nucleo-cytoplasmic 
relation?  This  growth  (to  a  certain  size  in  relation  to  the  cytoplasm) 
having  been  reached,  the  nucleus  goes  into  the  process  of  maturation 
during  which  the  nuclear  material  is  reduced.  During  this  process  the 
cytoplasm  remains  comparatively  dormant  and  does  not  take  any  part 


TEXT  FIG.     Nuclear  membrane  from  normal  to  maturation  stage.     X  847. 

in  the  cell's  activity  until  the  nucleo-cytoplasmic  relation  has  been 
restored  by  the  entrance  of  the  sperm,  which  again  restores  the  relation 
that  previously  existed. 

THE  NATURE  OF  THE  GROWING  NUCLEUS 

By  the  methods  employed  in  this  study,  one  is  unable  to  see  the 
small  dark  ovoid  body  near  the  nucleus  or  to  measure  the  relation  of 
the  nucleus  to  the  cytoplasm  with  any  accuracy  except  in  the  later 
stages.  The  nucleus  of  the  young  egg,  however,  can  always  be  dis- 
tinguished from  the  nuclei  of  the  surrounding  enlarged  interstitial 
cells.  This  distinction  lies  in  its  different  refraction  of  the  light  and 
its  more  solid  appearance.  The  nucleoli  vary  greatly  in  number  during 
the  growth  of  the  nucleus  and  are  apparently  produced  by  the  fusion 
of  the  many  small  nucleoli  which  are  constantly  being  formed.  The 
larger  nucleolus  apparently  grows  also  in  proportion  to  a  certain  nuclear 
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si/e.  One  is  constantly  impressed,  while  observing  these  nuclei,  that 
as  far  as  appearance  is  concerned  from  the  earliest  stages  up  to  the 
last  stages  no  special  change  takes  place  except  that  of  enlargement. 
The  nuclear  membrane,  which  seems  to  be  thicker  and  more  durable 
than  that  of  other  indifferent  cells,  is  quite  evident  during  the  entire 
process  of  growth.  The  nodal  points  of  the  net  enlarge;  this  growth 
seems  to  move  inward  toward  the  center  of  the  nucleus  during  the 
entire  process  of  growth.  At  the  period  of  cessation  of  growth  these 
enlarged  nodal  points  give  to  the  nucleus  the  appearance  of  being  filled 
with  thousands  of  large  granule's  all  very  tightly  packed  together.  The 
nuclear  membrane  at  this  stage  is  very  tough  and  thin,  and  one  soon 
learns  to  distinguish  the  nuclei  which  have  just  completed  their  growth 
by  this  characteristic.  Later,  this  membrane  is  the  first  part  of  the 
nucleus  to  show  evidences  of  change  incident  to  the  earlier  stages  of 
maturation  as  it  increases  in  thickness  and  takes  on  a  rather  spongy 
appearance  (see  text  figure).  The  nuclei  which  are  in  the  earlier  stages 
of  maturation  and  display  membranes  such  as  the  above  were  observed 
to  shrink  in  size  and  eventually  to  become  very  much  wrinkled  over 
their  surfaces  as  if  the  contained  liquids  of  the  nucleus  were  passing 
through  this  membrane  into  the  surrounding  medium.  Nuclei  which 
displayed  the  thin  tough  membranes  were  observed  to  maintain  the 
same  size  over  long  periods  of  time,  one  having  been  kept  for  a  period 
of  thirty-eight  hours. 

SUMMARY 

1.  The  nucleus  apparently  maintains  a  relation  of   1  to  9.66  to  the 
cytoplasm  in  the  development  of  the  eggs  of  Chlorohydra  riridissiini. 

2.  It  appears  that  when  the  nucleus  has  attained  a  certain  size  no 
more  cytoplasm  is  added  to  the  egg. 

3.  During   the   process   of   growth   of    the   nucleus   the  nodal    points 
of  the  net  increase  greatly  in  size. 

4.  The  number  of  nucleoli   increases  in  relation   to  the  size  of  the 
nucleus. 

5.  The   nuclear  membrane  becomes  highly  vacuolated   just   prior  to 
the  process  of  maturation. 

6.  During  the  process  of  maturation  the  nuclear  volume  of  the  egg- 
is  reduced  to  about  one-eighth  of  its  volume  prior  to  maturation. 

ACKNOWLEDGMENTS 

I  wish  to  thank  Dr.  Max  Hartmann  of  tin-  Kaiser  \Yi1hdm  Institute  of 
I'.iology,  Berlin-]  )ahlrm.  Germany,  for  his  kind  aid  and  criticism  during  the 
preparation  oi  this  article,  \vhilc  studying  undiT  his  direction  as  a  National 
Ki -i  arch  Fellow  in  Biology. 


GROWTH  OF  NUCLEUS  113 

BIBLIOGRAPHY 

BRAUER,  A.,    1891.     t'bcr  die  Entwicklung  von  Hydra.     Zcilschr.  f.  wiss.  Zool, 

52:  169. 

DOWNING,  E.  R.,  1908.     The  Ovogenesis  of  Hydra  fusca.     Biol  Bull,  15:  63. 
DOWNING,  E.  R.,   1909.     Ovogenesis  of   Hydra.     Zool.  Jahrb.  Abt.  f.  Anat.,  28: 

295. 
KEPNER,  W.  A.,  AND  J.  B.  LOOPER,  1926.     The  Nutrition  of  the  Ovum  of  Hydra 

viridis.     Biol.  Bull,  50:  525. 
KLEINENBERG,   N.,    1872.     Eine  anatomisch  entwicklungschichtliche   Untersuchung. 

Leipzig. 

LEYDIG,  F.,  1854.  Einige  Bemerkungen  iiber  Bau  der  Hydren.  Muller's  Archiv. 
TANNREUTHER,  G.  W.,  1908.  The  Development  of  Hydra.  Biol.  Bull,  14:  261. 
WAGER,  RALPH  E.,  1909.  The  Oogenesis  and  Early  Development  of  Hydra. 

Biol.  Bull,  18:  1. 


IOX  EFFECTS  UPOX  IOX    PERMEABILITY  OF  THE 
FUNDULUS  CHORIOX 

MARGARET  SUMWALT 

(Prom   the  Marine  Biological  Laboratory,   Woods  Hole,  and  the  Department   of 
Physiology,    University    of   Pennsyli'ania    Medical   School) 

I 

An  electrical  potential  difference  arising  between  two  electrolyte 
solutions  which  differ  in  cither  concentration  or  composition  is  pretty 
gene-rally  interpreted  to  mean  that  the  net  conveyance  of  positive  and  of 
negative  ions  across  the  boundary  between  them  is  unequal.  This  is 
true  for  the  case  when  the  two  solutions  are  free  to  diffuse  into  one 
another.  It  is  also  true  when  they  are  separated  by  a  membrane  which 
modifies  the  speeds  of  ionic  diffusion.  It  is  a  principle,  moreover, 
equally  conceded  by  those  who  attribute  to  the  boundary  membrane  a 
porous  structure  permeated  by  water  channels,  and  by  those  who  as- 
suine  it  to  be  a  strictly  non-aqueous  phase.  Even  if  water  transport 

across  the  membrane  is  occurring  simultaneously  with  ionic  diffusion, 

J 

the  magnitude  and  direction  of  the  observed  potential  difference  must 
still  be  a  function  of  the  net  transport  of  positive  and  of  negative  ions  in 
the  two  directions.  A  difference  in  concentration  of  positive  and  of 
negative  ions  is  admittedly  incapable  of  demonstration  by  chemical  anal- 
yst, but  this  is  to  be  expected;  the  opposing  force  of  electrostatic  attrac- 
tion must  confine  the  difference  to  exceedingly  minute  layers  of  solution. 
Absolute  rates  of  ion  movement  can  not  be  gauged  by  a  measurement  of 
potential  difference.  But,  as  a  criterion  for  differential  ion  transfer. 
'•li-ctrical  polarity  across  the  boundary  between  the  two  electrolyte  solu- 
tions seems  to  be  remarkably  unambiguous. 

This  criterion  has  been  used  in  the  study  of  a  variety  of  membranes. 
In  the  case  of  the  chorion  of  single  l-'mnlitliis  c^s  it  seemed  to  show 
that  at  ordinary  reactions  that  membrane  is  relatively  permeable  for 
cation-,  relatively  impermeable  for  anions  (  Snmwalt.  1929),  a  result 
which  satisfactorily  explains  the  long-standing  observation  of  Loeb  and 
<  'attcll  (1(>15)  that  K  escapes  more  easily  from  the  ci;g  into  a  solution 
of  some  electrolyte  than  into  distilled  water.  The  same  study  showed 
that  when  the  II  ion  concentration  is  sufficiently  increased,  the  chorion 
become^  more  permeable  for  anions  than  for  cations,  and  that  this  re- 
versal of  pretYreiitial  ion  permeability  occurs  in  KC1  solutions  at  about 
pi  I  .v7.  It  was  su-iM-sK -d.  however,  on  the  basis  of  a  very  limited  num- 
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ber  of  experiments  with  two  other  salts,  that  the  H  ion  concentration 
critical  for  reversal  might  vary  according  to  the  salt  in  which  the  mem- 
brane potentials  are  measured. 

This  suggestion,  made  originally  on  the  basis  of  an  experimental  cue. 
fits  theoretically  into  a  conception  of  membrane  potentials  as  funda- 
mentally related  to  diffusion  potentials.  A  study  of  the  reversal  point 
in  several  salts  could  therefore  furnish  evidence  for  or  against  the  the- 
ory that  membrane  potentials  are  in  some  sense  modified  diffusion  poten- 
tials. 

The  problem  has  also  a  slightly  more  practical  side.  Fitndulns  eggs 
have  been  subjected  to  certain  experiments  by  Loeb  (1912-1922)  and 
by  Armstrong  (1928),  which  showed  a  salt  antagonism,  greater  or  less 
according  to  the  salt  used,  for  acid  penetration  into  the  egg.  Armstrong 
has  shown  satisfactorily  that  this  effect  takes  place  chiefly  at  the  ecto- 
dermal  surface  of  the  embryo.  He  has  not  shown,  however,  that  it 
does  not  also  occur  at  the  surface  of  the  chorion.  If  a  dependence  of 
the  ion  permeability  of  the  Fmidiihis  chorion  upon  the  salt  content  of 
the  medium,  as  well  as  upon  the  pH,  could  be  demonstrated,  it  might  by 
analogy  furnish  an  interesting  step  in  explaining  the  mechanism  of  salt 
antagonism  for  acid  penetration  through  the  ectoderm  of  Funduhis 
embryos. 

II 

With  these  two  objects  in  mind,  the  earlier  experiments  of  Sumwalt 
on  potential  differences  across  the  Fitndulns  chorion  have  been  extended 
to  compare  three  salts,  CaClL,,  KG,  and  K2SO4,  throughout  a  range  of 
pH  values  from  2.0  to  6.0.  The  particular  criterion  chosen  for  this 
study  of  ion  permeability  was  the  way  in  which  electrical  polarity  across 
the  membrane  was  affected  by  varying  the  concentration,  rather  than  the 
composition,  of  the  solutions  applied  to  the  membrane.  Therefore,  the 
potential  differences  observed  are  termed  "  concentration  potentials  ". 
Measurements  were  made  in  the  manner  described  in  detail  in  the  earlier 
paper.  In  brief,  one  measurement  of  concentration  potential  in  KC1 
consisted  of  the  following  procedures :  The  chorion  of  an  egg  was  im- 
paled on  the  capillary  point  of  a  saturated  KC1  calomel  electrode,  while 
the  other  similar  electrode  was  dipped  into  the  sea  water  in  which  the 
egg  was  immersed.  The  sea  water  was  drawn  off,  KC1  M/20  of  the 
desired  pH  substituted,  and  a  measurement  of  potential  made  by  means 
of  a  simple  potentiometric  circuit  and  a  sensitive  galvanometer  used  as  a 
null  instrument.  KC1  M/20  was  then  replaced  by  KC1  M/200  at  the 
same  pH,  and  another  measurement  made.  With  this  dilute  solution, 
several  fresh  washings  were  necessary  before  the  potential  attained  a 
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steady  value.  The  algebraic  difference  between  tbe  values  in  the  dilute 
and  concentrated  solutions  is  the  concentration  potential. 

It  will  be  observed  from  this  synopsis  that  the  two  solutions  of  dif- 
fering  concentration  were  applied  successively  to  the  outside  of  the 
chorion.  It  is  assumed  that  the  potential  difference  obtained  in  this 
way  is  equal  to  that  which  would  be  measured  if  both  solutions  could 
have  been  simultaneously  applied  outside  and  inside  of  the  membrane. 

Solutions  were  adjusted  to  the  desired  pH  values  by  addition  of  that 
acid  or  base  which  would  add  no  new  ion  to  the  mixture  (e.g.,  KOH  or 
HC1  to  KC1).  A  difference  of  not  more  than  0.1  of  a  pH  unit,  and 
usually  of  less  than  0.05,  was  tolerated  between  the  dilute  and  con- 
centrated memhiTs  of  any  given  pair  of  solutions  used  in  a  measure- 


raw 


pH 

Fir,.  1.  Concentration  potentials  across  the  chorion  between  M/20  and 
M,  200  solutions  at  various  pH  values.  The  pH  plotted  is  that  of  the  dilute  solu- 
tion, but  the  pH  of  the  concentrated  solution  differed  from  this  by  less  than  0.1. 
I  ,u  h  point  represents  an  average  of  values  obtained  on  three  different  eggs.  See 
Table  I. 

mcnt.  The  necessary  pi  I  determinations  were  made  with  a  quinhy- 
drone  electrode  calibrated  against  standard  buffer  solutions.  Those 
solutions  described  as  having  a  pi  I  of  5.0  were  made  up  in  unboiled 
distilled  water  without  the  addition  of  any  acid  or  alkali.  A  few  <|tiin- 
hydronc  electrode  determinations  seemed  to  sh<>\v  that  their  pi  I  was 
somewhere  between  5.0  and  n.O.  as  might  ha\e  been  predicted;  but 
determinations  of  tin-  pi  I  of  such  solutions  an-  of  doubtful  meaning, 
and  the  exact  \alne  of  the  pi  I  of  these  more  .alkaline  solutions  is  not 
important  for  the  shape  i>i  the  curves  obtained  nor  for  the  conclusions 
drawn  from  them. 
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Concentration  potentials  measured  between  M/20  and  M/200  solu- 
tions of  KC1  at  pH  5.0  were  of  the  order  of  magnitude  of  28  millivolts 
and  of  such  polarity  that  the  dilute  solution  was  positive  relative  to  the 
concentrated  (Fig.  1).  In  acid  solutions,  at  pH  values  of  2.0  and  3.0, 
the  dilute  solution  was  relatively  negative,  and  the  concentration  poten- 
tial somewhat  smaller  than  in  "  neutral  "  solutions.  The  reversal  of 
membrane  polarity  occurred  along  a  smooth  curve  which  crossed  the  line 
of  zero  potential  at  about  pH  3.5. 

In  K2SO4  solutions  the  concentration  potentials  at  pH  4.0  and  above 
were  virtually  those  obtained  also  with  KG.  As  acidity  increased,  the 
K2SO4  curve  diverged  from  KC1,  descending  with  a  much  more  gradual 
slope  toward  the  zero  potential  line,  and  not  crossing  it  at  any  of  the 
reactions  studied  in  the  set  of  experiments  shown  (though  small  re- 
versed concentration  potentials  at  the  most  acid  pH  of  2.0  did  occur  in 
a  few  experiments  with  another  lot  of  eggs). 

On  the  other  hand,  in  CaCl2  solutions,  acidity  brought  about  a  re- 
versal of  concentration  potential  more  readily  than  in  KC1.  In  the  acid- 
free  solutions  of  CaCL,  concentration  potentials  were  somewhat  less 
than  half  of  those  yielded  by  KC1  or  K2SO4.  Reversal  of  membrane 
polarity  occurred  at  about  pH  3.9,  and  in  acid  solutions  the  concentra- 
tion potentials  were  approximately  twice  those  observed  with  KC1  at 
corresponding  reactions. 

These  experiments  were  performed  on  developing  eggs  ten  days  old ; 
they  had  been  kept  at  a  temperature  of  11°  C.,  however,  since  their  fifth 
day,  so  that  their  development  corresponded  approximately  to  that  of 
seven-day  eggs.  In  order  to  evade  difficulties  engendered  by  the  vari- 
ability of  Fundulus  eggs  from  different  batches,  the  data  presented  in 
Fig.  1  were  secured  within  thirty  hours  on  eggs  from  a  single  female. 
Each  point  in  the  graph  represents  an  average  of  concentration  poten- 
tials from  three  different  eggs.  A  table  of  the  data  from  which  Fig. 
1  was  drawn  is  given  to  show  the  small  spread  of  the  individual  meas- 
urements (Table  I).  Additional  preliminary  experiments  performed 
on  various  batches  of  eggs  gave  values  which  differed  from  these  in 
some  respects  quantitatively,  but  not  in  any  qualitative  sense.  There- 
fore, although  no  great  significance  can  be  attached  to  the  exact  pH 
value  at  which  the  reversals  occur,  the  directional  effects  of  varying 
degrees  of  acidity  and  the  comparative  influence  of  the  three  salts  are 
reasonably  certain. 

The  results,  interpreted  according  to  the  principle  invoked  at  the 
beginning  of  this  paper,  constitute  an  answer  to  the  more  practical  ob- 
ject of  this  study.  They  signify  that  in  acid- free  solutions  the  Fundulus 
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chorion  is  more  freely  permeable  for  K+  than  for  SO4  a  or  Cl~,  and  more 
permeable  for  Ca~+  than  for  CT,  whereas  in  solutions  of  considerable 
acidity  it  becomes  more  permeable  for  Cl"  than  for  any  other  ion  of 
the  salts  studied.  Furthermore,  the  tendency  of  acid  to  increase  the 
relative  permeability  of  the  chorion  for  anions  appears  to  be  augmented 
by  the  pre-ence  of  Ca++,  but  antagonized  by  the  presence  of  SO4  =,  as 
compared  with  an  arbitrarily  cho>en  standard  behavior  in  KC1  solutions. 

TABLE  I 

Concentration  potentials  across  the  chorion  measured  between  M/20  and  M/200 
solutions.  The  sign  of  the  dilute  solution  was  positive  except  where  the  negative 
sign  occurs.  The  pH  indicated  is  that  of  the  more  dilute  solution,  from  which  the 
concentrated  solution  differed  by  not  more  than  0.1  of  a  pH  unit.  Fig.  1  is  drawn 
from  these  data. 
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( 'i-rtain  salts  diffi-r  from  OIK-  another  in  their  i-lVix-tix  mess  as  an- 
t agonist-  "t"  acid  penetration  into  I'liiulnlus  eggs  according  to  the  experi- 
ment, of  Loeb  (  T'12-1922),  and  of  Armstrong  (1928).  The  conclu- 
-ion^  jnst  descrilu-d  concerning  the  permeability  of  the  chorion  for  ions 
may  be  brought  into  relation  with  tho-e  experiments  by  the  following 
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crude  but  suggestive  theoretical  chain.  Acid  penetration  must  depend 
not  only  on  the  concentration  and  speed  of  the  H  ion  in  traversing  the 
membrane,  but  also  upon 'the  concentration  and  penetrating  power  of 
the  acid  anion  outside  (or  of  some  cation  within  the  egg  capable  of  ex- 
change for  H  ions).  Hence,  increasing  acidity  in  the  medium  around 
the  egg  might  favor  acid  penetration,  not  only  for  the  primary  and 
obvious  reason  that  it  increases  the  concentrations  of  the  H  ion  and  of 
the  acid  anion  ;  but  also  for  the  additional  reason  that  it  possibly  in- 
creases the  permeability  of  the  membrane  for  anions.  For  instance,  if 
the  negative  charges  borne  on  a  membrane  were  a  hindrance  to  anion 
penetration,  abolition  of  these  charges  would  bring  about  increased 


FIG.  2.  The  apparatus  of  Dr.  Kunitz  for  measurements  of  free  diffusion 
potentials.  A  saturated  solution  of  KC1  fills  the  rear  tubes  which  are  to  be 
connected  with  calomel  half  cells.  In  use,  the  two  reservoirs  are  stoppered  so 
that  a  difference  in  level  of  the  two  solutions  can  not  cause  mixing.  If  a  flowing 
junction  is  desired,  air  may  be  admitted  slowly  through  these  stoppers  under  the 
control  of  screw  clips. 

penetration  of  the  negative  ions.  Whether  relative  increase  of  perme- 
ability for  anions  signifies  an  absolute  increase  of  permeability  for 
anions  is  not  revealed  by  measurements  of  electromotive  force  alone, 
but  there  is  no  evidence  against  such  a  possibility.  This  secondary 
influence  of  acidity  upon  acid  penetration,  then,  is  the  factor  which 
the  nature  of  the  salt  present  could  influence,  if  the  salt  tends  to 
combine  with  the  proteins  of  the  membrane.  A  divalent  positive  ion 
like  Ca  may  be  supposed  to  be  more  potent  than  K  in  effecting  combina- 
tion with  the  membrane  and  so  neutralizing  its  negative  charges  and 
bringing  it  nearer  to  its  isoelectric  point.  To  be  specific,  acid  might  be 
expected,  on  the  basis  of  the  results  here  recorded,  to  penetrate  more 
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readily  in  the  presence  of  CaCL  than  with  KG.  and  more  readily  with 
KG  than  with  K.SO4.  It  is  impossible  to  make  a  more  detailed  appli- 
cation of  this  suggestion  to  the  work  of  Loeh  and  of  Armstrong,  because 
neither  ever  used  simultaneously  the  three  salts  with  which  the  present 
experiments  have  been  concerned  and  because,  as  has  been  mentioned 
already,  their  experiments  dealt  with  the  surface  of  the  embryo  rather 
than  with  the  chorion.  The  present  results  must  therefore  be  of  in- 
terest in  a  general  way,  suggestive  of  a  mechanism  which  might  exist  at 
any  membrane  of  structure  essentially  analogous  to  that  of  the  chorion. 
This  explanation  of  the  results  is  purely  speculative.  Hut  the  results 
themselves,  stated  in  terms  of  relative  ion  permeabilities,  depend  only 
mi  the  semi-axiomatic  premise  of  the  introductory  paragraph. 
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FIG.  3.  Concentration  potentials  across  a  flowing  liquid  junction  between 
M/20  and  M/200  solutions  at  different  pH  values.  These  results  were  obtained 
with  the  apparatus  shown  in  Fig.  2. 

Ill 

To  pursue  the-  more  fundamental  question  of  the  role  played  by  dif- 
fusion in  the  origin  of  membrane  concentration  potentials,  measurements 
were  made  of  free  diffusion  potentials  between  M/20  and  M  '200  solu- 
tion- similar  to  those  used  in  the  study  of  the  chorion.  They  were 
placed  in  contact  with  one  another  at  a  flowing  liquid  junction,  and  con- 
tact-, as  before,  were  saturated  K('l  calomel  electrodes.1  The  results 
are  shown  in  Fig.  3.  Throughout  the  pi  I  range  studied,  no  potential 
difference  appeared  between  solutions  of  KC'l.  With  acid-free  KoSO4, 

1  I  was  enabled  by  the  kindness  of   I  >r.   Kunit/  to  use  an  apparatus  which  he 

li;id  designed  and  iiM-d  t'm-  similar  measurements  in  i  oinu-ction  with  Loeb's  work  on 

anomalous  osmosis.     A   description   of   it   has  not  been   published.     It   is  therefore 

\vn  in  Fig.  2.     The  peculiar  advantage  <>f  this  apparatus  lies  in  its  prevention  of 

the  mixing  of  tin-  two  solutions  due  to  a  difference  in  level  in  the  two  cells. 
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the  dilute  solution  was  positive  to  the  concentrated  hy  16.6  millivolts,  an 
amount  which  diminished  gradually  along  the  descending  pH  scale  to  a 
value  of  7.5  millivolts  at  a  pH  of  1.8.  The  dilute  solution  of  CaCL,  on 
the  other  hand,  was  negative  to  the  concentrated  hy  20  millivolts,  a  po- 
tential difference  which  likewise  continuously  decreased  with  increasing 
acidity,  to  reach  a  value  of  7.5  millivolts  at  pH  1.9. 

The  diffusion  potentials  which  might  have  been  expected  between 
the  solutions  used  were  calculated  by  the  Henderson  equation  for  liquid 
junction  potentials  as  given  by  Michaelis  (1926,  page  179)  and  are 
shown  in  Table  II,  together  with  values  at  corresponding  H  ion  con- 
centrations interpolated  on  the  experimental  curves,  for  comparison. 
Experimental  and  calculated  values  agree  very  closely  in  KC1  and 
CaCL  solutions.  In  K2SO4  an  unaccountable  systematic  discrepancy 
appears. 

TABLE  li 

Liquid  junction  potentials  between  M/20  and  M/200  solutions,  (a)  calculated 
by  the  Henderson  equation,  (b)  obtained  by  interpolation  on  experimental  curves. 
The  sign  of  the  dilute  solution  was  positive  except  where  the  negative  sign  occurs. 
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Comparative  values  for  concentration  potentials  across  the  chorion 
and  across  a  liquid  boundary  being  now  at  hand,  the  question  as  to 
what  extent  these  membrane  potentials  are  modified  diffusion  poten- 
tials may  be  approached.  There  are  two  dominant  points  to  emphasize. 
The  first  is  that  when  the  membrane  potentials  are  "  corrected  "  by  the 
subtraction  of  the  diffusion  potentials,  the  curves  for  the  three  salts 
nearly  coincide  at  the  pH  value  where  zero  concentration  effects  are 
obtained  (Fig.  4).  This  suggests  that  the  membrane  is  characterized 
by  an  isoelectric  point,  a  pH  value  where  the  dissociation  of  acid  and 
basic  groups  is  equal;  and  that  at  this  pH  the  membrane  influence  upon 
ionic  diffusion  is  withdrawn,  leaving  ions  free  to  traverse  it  at  the 
relative  rates  characteristic  of  them  in  free  diffusion.  The  second 
important  point  is  that  at  other  pH  values  the  membrane  exerts  an 
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influence  which  favors  cations  in  more  alkaline  solutions,  anions  in 
those  more  acid.  The  results  favor  the  theory  that  diffusion  potentials 
do  indeed  play  some  part  in  determining  the  magnitude  and  sign  of 
membrane  potentials  as  ordinarily  measured,  and  that  at  one  particular 
pH  value  they  are  the  only  important  factor. 

Two  minor  features  of  the  "corrected"  curves  (Fig.  4)  require 
brief  comment.  First,  the  values  of  the  potentials  at  pll  2.0  and  3.0 
are  considerably  smaller  than  at  pll  4.0  and  5.0.  whereas  curves  might 
have  been  casually  expected  which  were  roughly  symmetrical  with  re- 
spect to  the  reversal  point.  This  may  possibly  be-  due  in  part  to  some 
obscure  electrical  property  of  the  membrane.  It  is  certainly  partly 
due  to  the  fact  that  as  the  II  ion  concentration  becomes  a  significant 
part  of  the  total  ion  content,  the  ratio  of  total  electrolyte  concentrations 
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Fir,.  4.  Membrane  potentials  minus  liquid  junction  potentials.  Such  "  cor- 
rected "  membrane1  potentials  probably  represent  the  membrane  influence  upon 
concentration  effects,  more  or  less  freed  from  the  contribution  which  free  diffusion 
potentials  make. 

on  the  two  sides,  upon  which  potential  difference  depends,  is  somewhat 
reduced.  Free  diffusion  potentials  show  a  similar  diminution  with 
increasing  acidity,  for  a  like  reason.  Finally,  it  seems  quite  probable 
that  a  destructive  effect  of  the  acid  may  partly  abolish  the  differential 
ion  permeability  of  the  membrane  before  a  measurement  of  concen- 
tration potential  can  be  completed.  As  was  mentioned  in  the  earlier 
paper,  the  effects  of  acid  upon  the  chorion  even  at  1)11  .vO  were  not 
reversible. 


ION  PERMEABILITY  OF  FUNDULUS  CHORION  123 

Second,  attention  must  be  called  to  the  fact  that  certain  effects  of 
valence  upon  the  magnitude  of  concentration  potentials  across  the 
chorion,  predicted  and  found  in  the  earlier  study  of  the  Fundulus  egg, 
are  found  again  in  the  experiments  here  reported;  but  they  are  abolished 
or.  inverted  when  the  correction  of  subtracting  diffusion  potentials  is 
introduced.  Not  even  a  suggestion  can  be  offered,  however,  in  the 
light  of  our  present  knowledge,  to  explain  this  relation  between  valence 
and  "  corrected  '  diffusion  potentials.  The  Fundulus  chorion  is  too 
difficult  a  material  for  such  measurements  to  be  the  basis  for  extensive 
theoretical  discussion.  The  results  are  of  interest  chiefly  for  their 
suggestiveness  in  connection  with  concrete  problems  like  that  of  salt 
antagonism  for  acid  penetration  into  Fundulus  eggs. 

SUMMARY 

By  additional  measurements  of  concentration  potential  differences 
across  the  chorion  of  single  Fundulus  eggs,  certain  suggestions  made 
in  an  earlier  paper  have  been  confirmed  and  amplified.  In  acid-free 
solutions  of  KG,  CaCL,  and  K2SO4  the  chorion  was  found  more  freely 
permeable  for  positive  ions  than  for  negative.  Its  preferential  per- 
meability for  cations  was  reduced  in  all  three  salts  by  increasing  acidity. 
In  the  first  two,  it  was  abolished  and  then  reversed,  the  pH  at  which 
equal  permeability  for  anions  and  cations  was  reached  being  about  3.5 
in  KC1,  and  3.9  in  CaCL.  In  K^SO^,  however,  reversal  did  not  occur 
down  to  pH  2.0. 

The  results  suggest  an  explanation  for  the  mechanism  of  salt  an- 
tagonisms for  acid  penetration  into  Fundulus  eggs,  a  somewhat  practical 
problem.  And,  from  a  theoretical  standpoint,  they  seem  to  furnish 
evidence  that  membrane  potentials  are  fundamentally  related  to  diffu- 
sion potentials. 
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Research,  and  the  Biological  Laboratory.  Princeton   Unii'crs-ity) 

With  rapid  centri  fusing  in  the  proper  medium,  the  eggs  of  Sf>hcc- 
rccliiinis  graiuthtris,  Parcchinns  (Echinus)  microtiibcrcnlatns,  Para- 
ccntrotns  (Strongyloccntrotus)  lividus,  and  Arbacia  pustnlosa,  the  four 
commonly  occurring  sea  urchins  at  Naples,  and  Tripneustes  (Hipponoe) 
csciilcuta  from  Bermuda  can  he  broken  apart  into  halves  and  some  of 
these  halves  into  quarters.  The  results  confirm  and  complement  those 
previously  obtained  with  the  eggs  of  the  Woods  Hole  sea  urchin,  Arbacia 
piinctnlata,  which  have  recently  been  published  (1932).  The  speed 
ordinarily  used  was  about  9,000  revolutions  per  minute  (7  cm.  radius), 
and  the  time  necessary  to  break  the  eggs  apart  was  from  three  minutes 
for  Arbacia  piistulosa  to  thirty  minutes  for  Paraccntrotns  lividus.  The 
medium  used  was  about  half  sea  water  and  half  1.1  molal  sucrose  solu- 
tion (376  grams  sucrose  in  1  liter  of  distilled  water)  which  is  isotonic 
with  the  eggs;  the  A  of  the  Naples  sea  water  is  --2.2  to  --2.3  whereas 
that  of  the  Woods  Hole  sea  water  is  -  -  1.81 ;  this  is  also  of  practically 
the  same  density  as  the  eggs  themselves,  so  that  they  remain  suspended 
in  the  solution  during  centrifuging ;  in  the  case  of  the  heavier  eggs  of 
Arbacia  pHstnlosa,  a  larger  proportion  of  sugar  solution  was  used  (3 
parts  1.1  molal  sucrose  to  1  part  sea  water). 

SPHyERECHINUS    CRAXULARIS 

Normal  Egg 

The  egg  of  SplHcrccliinits  graiutlaris  is  colorless  or  slightly  yellowish 
and  very  granular.  It  measures  94—102  /j.  in  diameter,  averaging  98  p. ; 
the  eggs  of  any  one  batch  are  fairly  constant  in  size  but  different  batches 
vary.  The  nucleus  measures  13  /j.  in  diameter,  increasing  to  18  p.  before 
it  breaks  down  prior  to  cleavage.  The  eggs  are  usually  quite  aspherical 

1  1  wish  to  express  my  sincere  thanks  to  Dr.  Reinharcl  Dohrn,  Director  of  the 
Stazione  Zoologica,  for  his  interest  and  courtesy  during  my  stay  in  Naples,  and  to 
the  Committee  of  the  American  Woman's  Table  for  the  use  of  their  research  room. 
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when  laid  and  remain  so  for  several  hours,  but  become  spherical  almost 
immediately  on  fertilization.  The  fertilization  membrane  is  well  sepa- 
rated from  the  egg  surface,  leaving  a  perivitelline  space  of  18-20 /x;  the 
ectoplasmic  layer  is  fairly  thick,  measuring  3— I- /*.  The  egg  develops 
comparatively  slowly,  taking  about  1%  hours  for  first  cleavage  at  16° 
(50  per  cent  cleaved).  It  passes  through  a  typical  monaster  stage 
(25^-5  minutes  after  fertilization)  and  streak  stage  (50-90  minutes). 
The  density  of  the  egg  with  jelly  is  about  1.083  (eggs  evenly  distributed 
in  1.1  m  sucrose  3  parts:  sea  water  2.  parts)  and  without  jelly  about 
1.081  (eggs  float  in  1.1  m  sucrose  3  parts:  sea  water  1  parts,  sink  in 
1.1  m  sucrose  5  parts :  sea  water  4  parts).2 

Centrifuged  Egg 

The  unfertilized  eggs  break  apart  fairly  easily  with  centrifugal  force, 
usually  in  5  minutes  with  about  9,000  r.p.m.  (7  cm.  radius)  though  some 
batches  require  longer  and  some  less.  The  eggs  become  elongate,  then 
dumb-bell-shaped  (Fig.  1  and  Photograph  1),  then  break  into  two  parts 
with  often  a  connecting  strand  between  (Fig.  2,  Photograph  7).  If 
after  centrifuging,  the  strand  is  very  narrow,  the  parts  remain  separate; 
otherwise  the  strand  gradually  becomes  thicker  and  the  two  parts  merge 
into  a  single  sphere. 

The  stratification  is  (1)  oil,  (2)  clear  layer  in  which  lies  the  nucleus 
(3)  whitish,  loosely-packed  granules  merging  into  (4)  yellow  yolk 
granules  and  (5)  usually  a  small  clear  zone  (Fig.  1,  Photograph  1). 
The  granules  measure  approximately  in  diameter : 

Oil    1  M 

White   granules     1.5  M 

Yellow  yolk  granules    1-1.5  M 

-The  computations  fur  density  of  the  eggs  are  based  on  Wendicke's  (191(>) 
figures  for  the  salinity  of  Naples  sea  water  (37.5  parts  salt  per  1000  cc.)  giving  a 
den>itv  of  1.0278  at  16°;  and  the  density  of  1.1  nmlal  sucrose,  found  to  be  about 
1.119  at  16°. 

DESCRIPTION  OF  PLATK> 

The  drawings  have  been  made  from  living  eggs  and  are  magnified  about  400  X. 
The  small  circles  represent  oil  drops,  the  large  solid  dots  (in  Arhdcia  pusttilosa) 
red  pigment  granules,  and  the  stippling  represents  yolk  and  other  granules,  the 
line  stippling  line  grannies,  and  the  coarse  stippling  coarser  granules. 

I 'late  I.    Spheerechinus  granularis 

1.  Stratified  whole  . 

2.  Whole  egg  broken  into  two  with  a  connecting  strand  between  the  two  parts. 

3.  White  half  . 

4.  Granular  ha]  f  < 

5.  White  half  egg  pulling  apart. 

6.  Clear  quarter  egg. 

7.  White  granular  quarter. 

8.  Granular  half  egg  pulling  apart. 
''.   Upper  yolk  quarter  egg. 

10.   Lower  yolk  quarter  egg. 
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PHOTOGRAPHS  1-8 
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The  white  granules  stain  purple  with  methyl  green  like  those  in  the 
fifth  layer  of  Arbacia  punctnluhi  (mitochondria?)/1 

Half  and  Quarter  Eggs 

The  eggs  break  apart  at  9,000  r.p.ni.  across  the  whitish  granules, 
giving  two  parts,  one  smaller  nucleated  half  egg  containing  oil,  clear 
layer  and  whitish  grannies  (mitochondria?)  (Fig.  3  and  Photograph  1) 
and  the  other  half  egg,  larger,  non-nucleate,  containing  a  few  whitish 
granules  (mitochondria?)  hut  mostly  yellow  yolk  granules  with  usually 
a  clear  layer  at  the  heavier  pole ;  there  is  usually  also  a  clear  layer  at  the 
lighter  pole  from  which  granules  have  been  thrown  down  (Fig.  4  and 
Photograph  1).  In  the  centrifuge  tube,  there  are  not  three  well-sepa- 
rated layers  as  in  Arbacia  [>iiuctidata,  but  the  layers  are  contiguous,  a 
whitish  layer  lying  just  above  a  yellowish  layer  which  consists  both 
of  dumb-bell-shaped  whole  eggs  above  and  granular  half  eggs  below. 
When  the  eggs  are  first  broken  apart,  the  half  eggs  are  usually  not 
spherical  but  somewhat  elongate,  especially  the  granular  half  (Photo- 
graph 1).  In  some  batches  of  eggs,  without  further  centrifuging,  some 
of  both  the  clear  halves  and  the  yolk  halves  again  become  dumb-bells 
(Figs.  5,  8)  and  many  break  apart  into  quarter  eggs.  The  white  half 
egg  separates  into  an  almost  clear  quarter  egg  with  oil  cap  and  nucleus 
and  a  few  whitish  granules  (Fig.  6),  and  a  smaller  quarter  egg  con- 
taining only  whitish  granules  (Fig.  7).  The  granular  half  egg  divides 
into  two  somewhat  similar  parts  but  the  upper  quarter  egg  has  a  few 
oil  drops  at  the  lighter  pole,  a  clear  layer,  a  few  whitish  granules  and 
yolk  granules  (Fig.  9),  and  the  heavier  quarter  egg  has  yolk  granules 
and  a  small  clear  zone  at  the  blunt  end  (Fig.  10)  ;  the  position  of  the 
breaking  point  is  often  marked  by  a  slight  pointed  projection.  These 

:;  These  granules  and  similar  granules  in  the  other  eggs  which  stain  with 
methyl  green,  stain  also  with  Janus  green  B,  very  kindly  given  me  by  E.  V. 
Cowdry.  They  are  without  doubt  mitochondria  (Naples,  February  1933). 

Photographs  1-8.     Sphccrcchinus  granitlaris 

1.  Whole  egg  at  right;  two  half  eggs  at  left. 

2.  Two-cell  stage;  granular  half  at  left,  white  half  above,  whole  egg  below. 

3.  Late  segmentation  stage;  granular  half  eggs  at  left;  whole  egg  above. 

4.  Development    of    white    portion,    no    development    of    granular    portion    of 
partially  separated  whole  egg. 

5.  Development    of    granular    portion,    no    development    of    white    portion    of 
partially  separated  whole  egg. 

6.  High  speed    (about   13,000   r.p.m.)  ;   granular  half   much  larger  than  white 
half.     Both  half  eggs  spherical. 

7.  Low  speed  (about  5,000  r.p.m.)  ;  two  half  eggs  nearly  same  size;  connecting 
strand  between  two  half  eggs. 

8.  Low  speed,  white  half  eggs  with  tails. 
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two  yolk  quarters  arc  of  approximately  the  same  size.  The  smallest 
quarter  egg  is  the  white  non-nucleate  granular  quarter  from  the  white 
half,  and  this  measures  about  one-ninth  (in  one  batch  one-thirteenth)  the 
volume  of  the  whole  egg. 

The  measurements  of  the  halves  and  quarters  broken  apart  at 
9,000  r.p.m.  are  given  in  Table  I.  There  is  a  slight  variation  in  the 
relative  size  of  parts  in  different  batches  of  egg.  The  data  given  are 
for  one  typical  batch. 

Relation  of  Speed  to  Size  of  Half  Eggs 

The  relative  size  of  the  two  half  eggs  is  fairly  constant  for  a  constant 
centrifugal  speed.  The  size  of  the  parts,  however,  is  different  for 
different  speeds.  With  high  speed,  about  13,000  r.p.m.  (7  cm.  radius  50 
seconds),  the  granular  sphere  is  much  larger  than  the  white  sphere 
(Photograph  6)  ;  with  low  speed,  about  5,000  r.p.m.  (7  cm.  radius  1 
hour)  the  granular  half  is  relatively  smaller  so  that  the  two  halves  are 
almost  equal  in  size  (Photograph  7).  There  is  also  a  difference  in  the 
way  they  break  at  different  speeds.  With  high  speed,  the  two  parts 
break  off  as  spheres,  whereas  with  low  speed  there  is  an  elongation  of 
the  parts,  and  often  a  thick  strand  of  tissue  between  the  two  which  is 
left  as  a  tail  on  one  or  both  parts  when  separated  (Photograph  8). 
The  sizes  of  parts  for  one  batch  of  eggs  at  different  speeds  are  given  in 
Table  II. 

Development 

All  of  the  half  and  quarter  eggs,  as  well  as  the  elongate  and  dumb- 
bell-shaped whole  eggs  can  be  fertilized.  They  throw  off  fertilization 
membranes,  well  separated  from  the  surface  as  in  the  normal  egg.  The 
membrane  follows  the  contour  of  the  surface  even  along  the  strand  con- 
necting the  two  half  eggs  or  along  the  stalk  that  is  sometimes  left  after 
breaking  apart  (Photograph  8). 

In  the  nucleate  half  eggs,  the  stages  following  fertilization  are  as  in 
the  normal  eggs,  except  for  absence  of  astral  rays  where  granules  are 
absent;  and  practically  as  described  for  the  white  half  eggs  of  Arbacia 
punctulata  (E.  B.  Harvey,  1932).  The  first  cleavage  of  a  white  half 
egg  is  shown  in  Photograph  2 ;  other  cleavages  follow  quite  regularly. 
The  blastulae  resulting  from  the  white  half  egg  are  at  first  vacuolated 
and  many  remain  thus,  but  many  invaginate  a  day  or  two  later  than  the 
normal  eggs,  form  a  rudimentary  skeleton  and  pigment  spots,  but  remain 
almost  spherical  even  for  ten  days  without  developing  arms.  I  have 
never  raised  any  perfectly  normal  plutei  from  these  half  eggs,  and  they 
are  not  very  viable  after  the  blastula  stage. 
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\\IKMI  tin-  enucleate  (merogonic  or  androgenetic)  half  eggs  are 
fertilized,  the  sperm  aster  develops  in  the  granules  in  about  10  minutes, 
a  nucleus  forms  and  increases  in  si/e  as  the  aster  increases,  giving  a 
typical  nionaster  stage.  This  is  followed  by  a  "  streak  "  stage,  the  streak 
probably  being  due  to  the  division  of  tin-  sperm  centrosome.  The  streak 
fades  out,  the  nucleus  enlarges  and  disappears,  and  an  amphiaster  ap- 
pears, followed  by  cell  division  soon  after  the  controls.  In  aspherical 
half  eggs,  the  amphiaster  lies  near  the  less  granular  zone,  and  the 
division  plane  divides  the  cell  unequally  across  the  short  axis.  In  sphe- 
rical eggs,  the  first  division  is  along  the  equator  (  Photograph  2)  and 
this  is  followed  by  regular  divisions;  Photograph  3  shows  a  late  cleavage 
stage  of  two  of  these  half  eggs  and  a  normal  egg.  At  the  fourth 
division  colorless  micromeres  can  sometimes  be  distinguished.  Per- 
fectly normal  blastulae  result  and  become  free-swimming  about  an  hour 
after  the  controls.  These  invaginate  and  acquire  a  skeleton  and  pig- 
ment about  a  day  later  than  the  controls.  Many  of  the  larvae  remain 
with  a  well-developed  gut,  rudimentary  skeleton,  and  pigment  spots  and 
do  not  obtain  the  typical  arms  of  the  pluteus.  Some  of  the  larvae, 
however,  form  a  complete  skeleton  and  acquire  arms  and  become  ex- 
actly like  the  normal  plutei  except  that  they  are  smaller.  Some  of  these 
small  plutei  have  been  kept  for  20  days.  The  androgenetic  larvae  are 
more  normal  and  viable  than  the  larvae  from  the  nucleated  half  eggs. 

The  yellow  granular  quarter  eggs  from  the  granular  half  eggs  de- 
velop in  the  same  way  as  described  for  the  granular  half  eggs  and  form 
regular  swimming  blastulae. 

The  white  granular  quarter  eggs  from  the  white  half  egg  also  cleave 
quite  regularly  and  form  swimming  blastulae ;  some  plutei  were  obtained 
from  these  with  gut,  rudimentary  skeleton,  and  pigment  spots.  This 
quarter  egg  is  only  one-ninth  the  volume  of  the  original  egg  and  con- 
tains no  nucleus,  oil  or  yolk  granules  and  yet  can  give  rise  to  a  pluteus, 
which  though  not  quite  normal  has  all  the  fundamental  parts  of  the 
normal  pluteus.  The  clear  quarter  eggs  may  divide  equally  but  long 
after  the  controls,  and  do  not  develop  far.  In  some  of  these  quarters, 
the  nucleus  becomes  very  large,  half  the  diameter  of  the  cell. 

When  the  elongate  or  dumb-bell-shaped  whole  eggs  are  fertilized, 
the  sperm  may  enter  at  any  point  and  an  entrance  cone  is  formed.  The 
fertilization  membrane  starts  at  this  point  and  follows  the  contour  of 
the  egg.  Within  a  few  minutes  after  the  membrane  is  formed,  the  egg 
often  pulls  away  from  one  or  both  ends  of  the  membrane,  becoming 
less  aspherical  (Fig.  11).  This  probably  indicates  a  decrease  in  vis- 
cosity immediately  following  fertilization.  If  the  constriction  of  the 
dumb-bell  is  wide,  the  two  pronuclei  approach  and  fuse,  usually  near  the 
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clear  end,  and  the  egg  divides  unequally  across  the  short  axis,  giving 
a  smaller  clear  cell  and  a  larger  granular  cell  (Photograph  2),  as  cle- 
-cribed  for  Arbacia  pnnctitlata.  The  second  division  usually  comes  in 
at  right  angles,  but  sometimes  parallel  with  the  first,  resulting  in  a  single 
row  of  four  cells  (Fig.  12).  By  subsequent  divisions,  a  slipper-shaped 
blastula  is  formed  as  in  Arbacla  pitnclnlata  (cf.  Mint,  >graph  17).  This 
gives  rise  to  a  normal  pluteus. 

When  the  dumb-bell-shaped  egg  has  been  broken  by  the  centrifugal 
force  into  two  half  eggs  with  a  thin  strand  of  protoplasm  between 
(Photograph  7>.  the  fertilization  membrane  forms  also  over  this  and 
usually  over  both  spheres;  there  is  often  an  appreciable  lag  (of  about  1 
minute)  in  the  formation  of  the  membrane  over  the  second  sphere. 
Occasionally  the  sphere  not  entered  by  the  sperm  does  not  form  a 
fertilization  membrane  and  does  not  develop.  One  or  both  spheres 
may  receive  a  sperm.  If  the  sperm  enters  the  nucleate  sphere  alone,  it 
develops  and  the  granular  sphere  does  not,  at  least  in  the  cases  that  1 
have  observed  (Photograph  4).  If  the  sperm  enters  the  granular 
sphere  alone,  this  sphere  may  develop  without  the  other  (Photograph 
5)  "i-  both  spheres  may  develop  (Figs.  13,  14).  If  both  spheres  re- 
ceive a  sperm,  both  usually  develop.  The  two  parts  develop  quite  in- 
dependently, even  the  first  cleavage  not  being  synchronous  (Fig.  14). 
The  protoplasmic  strand  connecting  the  two  half  eggs  is  sometimes 
broken  early  in  development  (Fig.  13).  Both  parts  often  develop  into 
blastulse  forming  twins  swimming  around  together. 

PARECIIINUS   (Ecmxus)    MICROTUBERCULATUS 

N  on  lid  I   /:</// 

The  egg  of  Parcc/riiius  (  lichhuis)  microtuberculatus  is  colorless,  not 
very  granular,  but  quite  clear  and  transparent.  Its  diameter  measures 
96-113 /A,  averaging  KL;//;  the  nucleus  measures  13/x.  The  eggs  are 
quite  aspherical  when  laid  and  remain  so  for  several  hours,  but  round  up 
immediately  on  fertili/ation.  The  fertilization  membrane  is  well  sepa- 
rated from  the  egg  surface,  leaving  a  perivitelline  space  of  21  /u.;  the 
ectopla^mc  layer  when  fully  formed  measures  2-3  p..  First  cleavage 
take>  place  in  70  minutes  at  16°.  The  density  of  the  egg  with  jelly  is 
about  1.074  (sometimes  float,  sometimes  sink  in  1.1  m  sucrose  1  part: 
563  water  1  part  ),  and  without  jelly  about  1.07J  (float  in  1.1  m  sucrose 
1  part  :  sea  water  1  part).2 

Plate  II.     Splucrcihiinis  tjninularis 

11.   l-'.xx  slipped  back  from  fertilization  nn •mlinmr,  soon  after  fertilization. 
1-'.  M-fiiid  division  planr  parallel  with  first. 

13.  Independent    di  \  < •!<  >pnient    of   tw<>   halve-,   of   egg  partially   separated,   con- 
nect ;.d  broken. 

14.  Another  ej^tr,  later  Stage,  eonnecting  strand  still  present. 
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Photographs  ')   14.     I'liit'i'linnis   (  /icliinus  )    inicrnlnbcrciilaliis 
9.  Whole  e^.n  pulling  apart;  rap  of  line  yellow  granules  at  one  end. 


10.  Hug  pulled  apart  with  ouincctin.n  strand. 

11.  Tw«i  lialf  e.ui;s  at  left;  \cllow  granular  half  pulled  apart  inti)  quarter  eggs 
with  strand  between,  at    ri.ulit. 

12.  l-'inir-eell   sta.nc  <if  whole  ct;ii  at  left,  white  half  at   ri.ulit,  yellow  granular 
half  helnw.  with  cuntiectin.u   strand   hetween   the   two  halves. 

13.  Cleavage  uf  white  half  at   left,  granular  half  in  center;   two  quarter  eggs 
(from  yellow  granular  half)   at  rii^lit  <-onin-i-ted  hy  a  strand. 

14.  I'.lastula  of  whole  •  >\e;  of  two  yellow  granular  half  eggs  below. 
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Ccntrifiiged  Egg 

When  the-  egg  is  ceiitrifuged  at  about  9,000  r.]).ni.  tbc  stratification 
is  (1)  oil  (2)  coarse  white  granules  at  the  lighter  end  in  which  lies  the 
nucleus  (3)  almost  dear  /.one  (4)  very  small,  closely-packed  yellowish 
granules  (Fig.  15,  1 'holograph  9).  This  egg  (and  that  of  Tripncustcs) 
differs  from  the  others  studied  in  having  granules  lighter  than  the  clear 
zone,  which  lie  under  the  oil  cap,  and  the  nucleus  lying  among  these 
granules  instead  of  in  a  clear  zone.  A  similar  condition  has  been  de- 
scribed for  Tnbifc.v  rri'itloniin  by  Parseval  (l{)22).  The  relative  area 
of  coarse  white  granules  and  clear  zone  differs  in  different  lots  owing 
probably  to  the  amount  of  packing  of  the  granules.  The  granules 
measure  approximately : 

Oil    0.7  P 

Coarse  white  granules    2  M 

Fine  yellow  granules   0.4  M 

The  small  yellow  granules  at  the  heavy  end  stain  purple  with  methyl 
green  (mitochondria?). 

Half  and  Quarter  Eggs 

The  eggs  break  apart  at  about  9,000  r.p.m.  usually  in  8  minutes  with 
often  a  connecting  strand  between  the  two  parts  (Photograph  10).  The 
larger  sphere  contains  oil,  nucleus,  and  coarse  white  granules,  and  the 
smaller  sphere  consists  of  an  almost  clear  half  and  a  yellowish  half  com- 
posed of  the  fine  yellow  granules  (mitochondria?).  The  measurements 
for  a  typical  lot  at  9,000  r.p.m.  are  given  in  Table  I. 

In  some  batches  of  eggs  the  small  enucleate  halves  formed  dumb- 
bells and  broke  into  two  spheres,  some  connected  with  each  other  by  a 
thin  strand  of  tissue  (Photograph  11).  The  halves  and  quarters  ob- 
tained in  one  batch  broken  at  about  13,000  r.p.m.  are  given  in  Table  I. 

Speed  and  Size 

The  size  of  the  two  half  eggs  varies  somewhat  with  the  centrifugal 
speed.  In  all  the  other  species,  the  higher  speed  increases  the  size  of 
the  granular  or  heavier  sphere.  In  Parccliinus  the  heavier  sphere  de- 
creases in  size  with  high  speed,  and  increases  with  low  speed.  In 
Table  II  are  given  the  data  for  one  lot  of  eggs. 

Development 

All  of  the  half  and  quarter  eggs  can  be  fertilized  and  throw  off  well- 
separated  membranes  like  the  whole  egg.  They  all  cleave  and  form 
swimming  blastuke  (Photographs  12,  13.  14)  ;  and  some  dwarf  plutei 
were  raised  from  the  enucleate  halves.  The  elongate  whole  egg  when 
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fertilized  often  slips  away  from  one  or  both  ends  of  the  membrane,  be- 
coming less  aspherical  as  noted  for  Sphatr echinus.  When  the  two  parts 
are  connected  by  a  strand  of  tissue,  they  often  develop  independently 
(Photograph  12)  and  form  twin  blastulae.  One  part  may,  however, 
develop  and  the  other  part  remain  undeveloped,  just  as  described  for 
Sphterechinus. 

PARACENTROTUS  (STRONGYLOCENTROTUS)   LIVIDUS 

Normal  Egg 

The  egg  of  Paracentrotus  (Strongylocentrotus}  livid  us  is  clear  and 
transparent  and  not  very  granular.  It  is  colorless  except  for  an  orange 
or  reddish  band  that  encircles  the  egg  just  below  the  equator;  this  is 
very  inconspicuous  in  some  batches  of  eggs  and  quite  noticeable  in 
others  as  noted  by  many  other  observers.  The  diameter  of  the  egg  is 
83-95  fj.,  averaging  90  /JL  ;  the  nucleus  measures  12^,  increasing  to  16 1*. 
before  cleavage.  The  eggs  are  not  very  spherical  when  laid,  but  arc- 
more  so  than  are  those  of  Spharechwms  and  Parcclilnus.  The  fertiliza- 
tion membrane  is  fairly  \vell  separated  from  the  egg,  leaving  a  perivitel- 
line  space  of  10-12  p..  The  ectoplasmic  layer  is  thin,  1-2 /x.  First 
cleavage  takes  place  in  1%  hours  at  16°.  The  density  of  the  egg  with 
jelly  is  about  1.083  (eggs  evenly  distributed  in  1.1  sucrose  3  parts:  sea 
water  2  parts);  without  jelly  about  1.079  (evenly  distributed  in  1.1  m 
sucrose  5  parts :  sea  water  4  parts).2 

Ccntrifugcd  Egg 

This  egg  is  much  more  difficult  to  break  apart  than  cither  SpJuc- 
rccliinus  or 'Par echinus;  it  takes  about  30  minutes  at  9,000  r.p.m.  and 
none  of  the  eggs  were  broken  into  quarters.  The  stratification  is  (1) 
oil  (2)  clear  layer  in  which  lies  the  nucleus  (3)  coarse  granules  (4)  fine 
granules  (Fig.  16,  Photograph  15).  The  granules  measure  approxi- 
mately : 

Oil    0.8  M 

Coai'M-   granules    1.5  M 

1-iin    LT.'tiuilcs    0.5-1. 5  M 

Tin-  tine  granules  .stain  purple  with  methyl  green  (mitochondria?). 
The  nraniM-  hand  is  not  thrown  down  in  the  mature  eggs  by  centrifugal 

PLATE  III 

15.  1'iircilnnns  (llchinus)  tnicrotuberculatus,  stratified  whole  egg. 

16.  Paracentrotus  (Strongylocentrotus)   ii;'i<lus,  stratified  whole  egg. 

17.  Paracentrotus,  tripartite  e^,  all  three  parts  with  sperm  asters. 
IS.  Same  developed  into  triple  blastula. 

19.  .  lr'<iic'ni  piistiilosa,  stratified  whole  egg. 

J'i.  Tripncuxtcs  ( Hippi'ii,;- 1  ejcw/frt/a,  stratified  whole  egg. 
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Photographs  15-JO.     J\ir,ilrn/rn/n.<  (Strongylocetitrotus)   lit'i 

15.  \\"ln)lc  i 

l'i.  Two  li;ill"  CLI^S  in  center;   hi.yh  sprrd. 

17.  l'.]:i~tnl:i-  of  win  i](-  (uu-,  Miu    at  rij^lit   from  incom])li-ti'ly  separated  egg. 

IS.  l!l;iMula  nf  .granular  halt  egg  above  at   ri.uht.  whole  egg  below  it. 

I1'.  Two  half  ct^  i-Miiiicrti-d   1>\    strand;    low  speed. 

20.  Tripartit  i         has  been  separated  into  three  parts  instead  of  two. 
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force,  and  there  is  no  massing  of  pigment  at  the  heavy  pole  such  as 
occurs  in  Arbacia.  The  hand  remains  in  place  and  is  merely  stretched 
as  the  egg  elongates.  It  may  he,  therefore,  in  any  relation  to  the 
stratification:  parallel,  diagonal,  or  perpendicular  to  it.  In  immature 
eggs  with  germinal  vesicle,  the  red  pigment  goes  to  the  light  pole  either 
with  the  oil  or  a  little  below  it. 

Half  Eggs 

The  eggs  break  apart  at  about  9,000  r.p.m.  into  a  smaller  nucleated 
sphere  consisting  of  oil,  clear  layer,  and  coarse  granules,  and  a  larger 
non-nucleate  sphere  consisting  of  a  few  coarse  granules  and  fine  granules 
(mitochondria?)  (Photograph  16).  The  two  spheres  are  often  con- 
nected by  a  narrow  strand  (Photograph  19). 

Speed  and  Sice 

The  size  of  the  two  spheres  varies  with  the  centrifugal  speed.  The 
higher  speed  increases  the  size  of  the  granular  sphere  as  in  Sphcercchinus 
(Photograph  16).  With  slow  speed  the  granular  sphere  is  smaller  and 
more  nearly  equal  in  size  to  the  clear  sphere  (Photograph  19).  The 
sizes  with  different  speeds  are  given  in  Table  II. 

Development 

Both  the  half  eggs  can  be  fertilized,  throw  off  fertilization  mem- 
branes well  separated  from  the  surface,  and  form  swimming  blastulae 
(Photograph  18)  and  gastrulse  with  skeleton  and  pigment.  When  the 
halves  are  connected  by  a  strand,  one  or  both  parts  may  develop.  The 
elongate  whole  egg  tends  to  slip  away  from  the  fertilization  membrane 
just  after  fertilization  as  in  Sph(crcchinus  and  Feu-echinus.  It  develops 
into  a  slipper-shaped  blastula,  or,  if  constricted  by  centrifuging.  into  a 
more  or  less  double  blastula  (Photographs  17,  18).  Invagination  al- 
ways takes  place  in  the  reddish  zone  no  matter  where  located.  The 
gastrulse  are  therefore  of  various  shapes,  elongate  in  the  axis  of  the  gut 
or  flattened  in  this  axis.  There  seems  no  doubt  that  the  axis  of  the 
embryo  depends  upon  the  location  of  the  red  pigment  band  and  not  upon 
the  stratification  of  materials  or  the  elongation  of  the  egg  produced  by 
centrifugal  force.  Owing  to  the  difficulty  in  seeing  the  red  pigment 
band  in  the  half  eggs,  it  was  not  possible  to  determine  whether  some  of 
these  entirely  lacked  the  pigment  band  and  therefore  failed  to  gastrulate, 

Triple  Eggs 

In  one  set  of  eggs  centrifuged  at  9,000  r.p.m.  the  egg  constricted  not 
into  two  spheres  but  into  three  of  very  constant  and  definite  size:  a 

10 
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large  sphere,  a  medium-sized  sphere,  and  a  small  sphere  between  the  two 
(Photograph  20).  \Yhen  fertilized,  the  membrane  formed  around  all 
three  parts  and  in  each  a  sperm  aster  developed,  indicating  that  each  part 
was  fertilized  by  a  separate  sperm  (Fig.  17).  Some  of  these  developed 
into  triplet  blastuke,  the  three  parts  developing  independently  and  swim- 
ming together  (Fig.  18).  In  one  case,  the  two  larger  parts  formed 
gastrul?e. 

AKBACIA  PUSTULOSA 

Normal  Egg 

The  egg  of  Arbacia  pustidosa  is  very  heavily  pigmented.  even  more 
reddish  than  that  of  Arbacia  punctulata.  The  diameter  of  the  egg  is 
77-81  n,  averaging  79  ^ ;  tin-  nucleus  measures  10 /j..  The  fertilization 
membrane  is  closely  adherent  to  the  egg,  the  perivitelline  space  measur- 
ing only  1-2 /A.  The  ectoplasmic  layer  is  quite  thick  (3/j.  on  fertiliza- 
tion) and  it  is  possible  to  tell  by  measuring  the  same  egg  before  and 
after  fertilization  that  it  is  formed  on  fertilization  outside  of  and  in 
addition  to  the  red  sphere.  First  cleavage  takes  place  in  1  hour  50 
minutes  at  16°.  The  egg  is  quite  dense;  with  jelly  its  density  is  about 
1.101  (eggs  evenly  distributed  in  1.1  m  sucrose  4  parts  :  sea  water  1 
part),  without  jelly  about  1.096  (eggs  evenly  distributed  in  1.1  m  su- 
crose 3  parts  :  sea  water  1  part).2 

Ccntrifngcil  I:gg 

This  egg  breaks  apart  very  readily  and  forms  three  layers  in  the 
centrifuge  tube,  distinct  and  well  separated — the  white  nucleated  spheres 
on  top,  the  red  non-nucleate  spheres  at  the  bottom,  and  dumb-bell-shaped 
whole  eggs  in  the  middle.  The  stratification  is  just  as  it  is  in  Arbacia 
punctulata  (1)  oil,  (2)  clear  layer  in  which  lies  the  nucleus  (3)  line 
granules  or  fifth  layer  (4)  yolk  granules  and  (5)  red  pigment  (Fig.  19. 
Photograph  21).  The  granules  measure  approximately: 

Oil    0.8  M 

Granules  of  fifth  layer   0.5  M 

Yolk  granules    (polyhedral)    0.6-1  M 

Pigment     1 .5  M 

Photographs  21-28.     Arbacia  pitshilosa 

21.  NY  In  )le  egg  in  center.     Pigmented  half  above. 

22.  Two  half  eggs. 

23.  Pigniciited  half  egg  and  the  two  quarters  into  which  it  breaks. 

24.  Low  speed.     White  half  larger  than  pigmented  half. 

25.  High  speed.     Pigmented  half  larger  than  white. 
_!'•.  Two-cell  -,ta.iM'  of  pigmented  half. 

_'7.   I'.laMula  of  white  half  above,  of  dumb-bell -shaped  whole  egg  at  right,  and 
:d-i>  In-low. 

JX.   VVi/'H.'i/.v/.-.f   (Hi^onoc)  csculcnta.     Two  half  eggs  within  jelly. 
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PHOTOGRAPHS  21-28 


144  ETHEL  BROWNE  HARVEY 

The  granules  of  the  fifth  layer  stain  purple  with  methyl  green 
(mitochondria?). 

Half  and  Quarter  Eggs 

The  eggs  are  usually  broken  in  3  minutes  at  9.000  r.p.m.  across  the 
yolk  into  a  clear  sphere  containing  oil,  nucleus,  clear  layer  and  fifth 
layer  (mitochondria?)  and  a  little  yolk;  and  a  yolk  portion  containing 
yolk  and  pigment  (  Photographs  21-25).  In  some  batches  of  eggs,  the 
white  sphere  is  a  little  larger  than  the  red  when  centrifuged  at  9.000 
r.p.m.  and  in  other  batches  the  red  sphere  is  a  little  larger  than  the 
white.  The  diameters  of  two  typical  lots  centrifuged  at  9,000  r.p.m. 
were:  (1)  whole  egg  77  /L.  nucleate  half  62  M.  non-nucleate  60  /JL  ;  and 
(2)  whole  egg  78 /x,  nucleate  half  61  p..  non-nucleate  64  p.. 

In  one  batch  of  eggs,  broken  apart  at  about  8,000  r.p.m..  both  the  half 
eggs  broke  into  quarters  (Photograph  2.3,  yolk  quarters).  The  sizes  of 
all  halves  and  quarters  are  given  in  Table  I. 

Speed  and  Size 

\Yhcn  the  eggs  are  centrifuged  at  low  speed,  the  white  sphere  is 
somewhat  larger  than  the  red  sphere  (Photograph  24)  :  as  the  speed  in- 
creases, the  si/.c  of  the  red  sphere  increases,  until  at  very  high  speed 
(about  13.000  r.p.m.)  it  is  considerably  larger  than  the  white  sphere 
(Photograph  25).  At  high  speeds  the  egg  breaks  apart,  giving  two 
>pherical  half  eggs  (  Photograph  25)  ;  the  materials  are  not  entirely 
segregated  and  the  fifth  layer  is  not  very  well  formed.  At  low  speeds. 
a  much  more  definite  segregation  of  materials  takes  place,  the  fifth  layer 
is  well  formed,  the  two  parts,  especially  the  yolk  half,  become  elongate 
before  breaking  apart  (  Photograph  2\  ).  and  a  tail  is  often  left  on  the 
white  sphere.  The  si/es  of  the  two  half  eggs  at  different  speeds  in  one 
lot  of  eggs  are  given  in  Table  II. 

Development 

The  deformed  whole  eggs  and  the  half  eggs  of  .Irbaeia  pustnlosa 
develop  exactly  as  described  for  .Irhac'ni  pnuctnlata  (V..  P>.  Harvey. 
l'M2).  The  white  nucleate  halves  divide  quite  regularly  and  give  quite 
normal  plutri  with  skeleton  and  arms  but  dwarf  and  lacking  pigment. 
'I  be  red  enucleate  halves  often  develop  without  division  planes  coming 
in  or  represi  nt<-d  by  notches,  but  sometimes  normal  cleavage  takes  place 
(Photograph  Jf>);  and  blastnla-  and  a  few  plutei  with  skeletons  have 
bi-en  raised.  These  are  not  so  normal  or  viable  as  the  white  halves. 
The  whole  eggs  divide  as  in  .-Irbacia  fmnctnlata,  giving  slipper-shaped 
-  (Photograph  27)  and  later  normal  plutei. 
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TRIPNEL-STES   (HrproNoii)  ESCULENTA 
Normal  Egg 

The  egg  of  Tri^nciistcx  (Hipponoe)  cscttlciita.  obtained  in  Bermuda 
in  November,  is  slightly  yellowish  and  very  granular,  similar  in  appear- 
ance to  that  of  Splicer  echinus  granularis.  It  measures  82-86 /t,  and  is 
quite  spherical  when  laid.  The  nucleus  measures  about  11.5//.  The 
fertilization  membrane  adheres  so  closely  to  the  surface  that  it  is  diffi- 
cult to  detect,  leaving  no  perivitelline  space.  The  ectoplasmic  layer  is 
very  thin.  The  eggs  develop  slowly,  taking  l'X>  hours  for  first  cleavage 
after  fertilization  at  22°  C. 

Centrifuged  Egg 

The  unfertilized  egg  breaks  apart  in  about  15  minutes  at  about  8,000 
r.p.m.,  7  cm.  radius.  The  stratification  is  usually  (1)  oil  (2)  coarse 
granules  (3)  fine  yellow  granules  (4)  clear  layer  (Fig.  20).  The  nu- 
cleus lies  among  the  coarse  granules  under  the  oil  cap.  The  granules 
measure  approximately : 

Oil    0.7M 

Coarse  granules    1.2  /^ 

Fine   granules    0.7  /* 

The  fine  yellow  granules  stain  purple  with  methyl  green  (mitochon- 
dria?). 

This  egg,  together  with  that  of  Parccliiinis,  differs  from  the  other 
sea  urchin  eggs,  as  well  as  most  other  eggs  (except  Titbifc.i'),  in  having 
coarse  granules  under  the  oil.  and  the  clear  layer  below.  The  coarse 
granules  must,  therefore,  be  lighter  than  the  fluid  medium  of  the  egg. 
In  ParccJiinus,  the  mitochondria!  (?)  granules  are  heavier  than  the 
medium,  leaving  the  clear  layer  above  these ;  in  Tripneustes  these 
granules,  as  well  as  the  yolk  granules,  are  lighter  than  the  medium, 
leaving  the  clear  layer  below.  By  immersing  the  eggs  in  a  medium  of 
70  per  cent  sea  water :  30  per  cent  fresh  water  and  centrifuging  in  this 
medium  (with  sucrose  solution  below),  a  very  definite  clear  layer  was 
formed  under  the  oil.  The  medium  in  the  egg,  having  been  made  less 
dense  by  the  addition  of  water,  is  now  lighter  than  the  granules,  and  the 
granules  sink  to  the  heavier  pole.  In  some  batches  of  normal  eggs  and 
in  some  eggs  of  other  batches,  the  clear  layer  is  found,  as  in  the  eggs 
treated  with  dilute  sea  water,  beneath  the  oil  instead  of  at  the  heavy 
pole.  When  these  eggs  are  centrifuged  in  concentrated  sea  water  (1 
gram  NaCl  -f-  100  cc.  sea  water),  there  is  no  clear  layer  beneath  the  oil. 
The  medium  of  the  egg  having  been  made  more  dense,  the  granules  now 
rise  toward  the  lighter  pole. 

It  may  be  noted  in  passing  that  eggs  in  dilute  sea  water  break  apart 
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much  less  readily  than  control  eggs,  and  those  in  concentrated  sea  water 
much  more  readily. 

Half  Eggs 

The  Tripneustes  egg  breaks  at  about  8.000  r.p.m.  (7  cm.  radius) 
into  two  very  unequal  parts,  usually  a  large  sphere  containing  oil.  nu- 
cleus, and  coarse  granules,  and  a  very  small  sphere  containing  fine  yel- 
low granules  (mitochondria?)  and  clear  layer.  The'  t\vo  parts  are 
usually  connected  by  a  strand  of  tissue  and  are  held  together  by  the 
surrounding  jelly,  as  shown  by  staining  with  Janus  green  <  Photograph 
28).  The  sizes  of  the  parts  are  given  in  Table  I. 

Development 

I '.nth  the  nucleate  and  non-nucleate  half  eggs  can  be  fertilized,  the 
fertilization  membranes  closely  adhering  to  the  surface.  The  large 
sphere  divides  equally,  sometimes  through  the  oil  cap.  sometimes  else- 
where. Swimming  blastulae  develop  a  little  later  than  those  from  whole 
eggs,  then  form  gastruhe  which  later  obtain  a  skeleton  and  pigment. 
The  small  spheres  develop  with  only  the  male  nucleus,  sometimes  di- 
vision planes  come  in,  but  usually  only  the  nuclei  divide  until  blastulre 
are  formed.  These  swim  still  later  than  those  from  the  larger  half  egg. 
The  two  halves  usually  break  their  connecting  strand  when  becoming 
tree-swimming.  The  larger  halves  are  much  more  viable  and  normal 
than  the  smaller  halves. 

Cross-fertilisation 

Some  experiments  were  done  with  fertilizing  the  half  and  quarter 
eggs  of  one  species  with  the  sperm  of  another  species.  In  general  it  was 
found  that  when  cross  fertilization  is  not  possible  (in  sea  water)  with 
normal  eggs,  it  is  also  not  possible  with  centrifuged  eggs  nor  with  half 
and  quarter  eggs.  When  cross- fertilization  is  possible  with  normal  eggs, 
it  takes  place  in  about  the  same  percentage'  i  sometimes  slightly  more)  in 
the  deformed  whole  eggs  and  in  the  half  and  quarter  eggs,  both  nucleate 
and  enucleate.  The  best  results  were  with  S^li(crcclii>ins  $  and  Para- 
i  t'lilrufiis  <$,  where  many  quite  normal  cleavages  occurred  in  all  types  of 
Some  of  these  hybrids  from  fertilized  enucleate  half  eggs  were 
rai-ed  to  plutei  with  skeletons  and  have  lived  as  long  as  seven  days. 

DISCUSSION* 

A  comparison  «\  the  results  obtained  in  five  species  of  sea  urchin 
brings  mit  several  facts.  (  )n  the  one  hand,  there  are  marked  differ- 
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ences  in  the  normal  egg  of  the-  different  species.  They  differ  in  size, 
density,  size  of  nucleus,  size  of  perivitelline  space,  thickness  of  ccto- 
plasmic  layer,  and  rate  of  development.  On  centrifuging,  there  is  a 
difference  in  the  distribution  of  visible  materials  (except  in  the  two  spe- 
cies of  Arbacia),  in  the  force  necessary  to  break  the  eggs  apart,  in  the 
size  of  the  corresponding  portions  and  in  their  viability  after  fertiliza- 
tion. On  the  other  hand,  there  are  certain  similarities  in  the  eggs.  All 
the  eggs  stratify  when  centrifuged,  become  dumb-bell-shaped,  and  break 
into  two  spheres  of  very  definite  size.  The  granules  which  are  move- 
able  by  centrifugal  force,  though  differing  in  relative  size  and  weight, 
are  probably  fundamentally  the  same  in  all  the  eggs:  oil,  yolk  granules, 
and  another  kind  of  granules,  probably  mitochondria ;  in  the  two  species 
of  Arbacia  there  are  pigment  granules  in  addition. 

When  the  eggs  are  broken  by  centrifugal  force  into  halves  or  quar- 
ters, all  the  parts  can  be  fertilized,  and  form  fertilization  membranes 
characteristic  of  the  particular  normal  whole  egg.  All  the  parts  are 
capable  of  development,  some  of  the  parts  of  complete  development,  at 
least  as  far  as  plutei.  The  female  nucleus  does  not  seem  to  be  essential 
for  development,  since  in  some  cases  the  half  lacking  this  nucleus 
(androgenetic)  develops  better  than  the  half  containing  it.  I  have  found 
no  evidence  of  any  localization  of  organ-forming  material  around  the 
nucleus,  as  found  by  Harnley  (1926).  The  visible  granules  do  not 
seem  to  be  the  essential  materials  for  development,  since  the  fundamental 
organs  such  as  gut  and  skeleton  can  be  laid  down  in  the  absence  of  any 
one  special  type  of  granule.  These  granules  seem  to  be  accessory  rather 
than  essential  materials  in  development ;  the  essential  material  for  de- 
velopment seems  to  be  the  "  ground  substance."  This  agrees  with  the 
conclusions  of  many  others  who  have  worked  on  centrifuged  eggs  (espe- 
cially Morgan)  and  with  the  work  of  E.  B.  Wilson  (1929)  on  the 
centrifuged  fragments  of  Chcctoptenis  eggs.  There  seems  to  be  little 
localization  of  visible  organ-forming  materials  in  the  unfertilized  sea 
urchin  egg,  a  conclusion  reached  also  by  Plough  (1929)  and  by  Tennent, 
Taylor,  and  Whitaker  (1929). 

The  pigment  band  characteristic  of  the  Paraccntrotus  egg  belongs  to 
a  different  category  from  the  other  visible  materials,  as  this  is  not  dis- 
placed by  centrifugal  force  and  docs  indicate  the  place  of  imagination, 
whether  or  not  it  is  actually  gut-forming  material.  This  agrees  with  the 
earlier  work  of  Boveri  (1901)  and  the  later  work  of  Horstadius  (1928) 
on  this  egg,  definitely  locating  the  gut- forming  material  in  this  band. 
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SUMMARY 

1.  Tin-   unfertilized   eggs   of   Sphcerechinus   f/rainiloris,   FarccJiintis 
(Echinus')   microtuberculatus,  Paraccutrotns   (Strongylocentrotus)   lir- 
idus  and  Arbacia  pustulosa  from  Naples  and  of  Tripucnsics  (Hipponoc) 
cscnlcnta  from  Bermuda  have  been  stratified  and  broken  into  halves  and 
MIMIC  of  these  halves  into  quarters  by  strong  centrifugal  force. 

2.  The  relative  si/.e  of  the  halves  and  their  granular  content  is  fairly 
constant  for  a  definite  centrifugal   speed,  but   the   M/e   varies  with  the 
speed. 

3.  The   visible   granules   are    .stratified    with   centrifugal    force;   the 
stratification  is  differently  arranged  in  the  different  species  but  always 
includes   oil.   yolk   and   mitochondria    (  ?).     The   pigment   band   of   the 
Paraccntrotns  egg  is  not  displaced  but  only  stretched. 

4.  When  fertilized,  all  of  the  halves  and  quarters,  both  nucleate  and 
non-nucleate,    form    fertilization    membranes    and    develop,    some    into 
imrmal  dwarf  plutei. 

5.  \Yhen  the  half  eggs  are  connected  by  a  strand  of  tissue,  either  one 
nr  both  ^phcres  may  be  fertilized  by  a  sperm  and  either  one  or  both  may 
develop. 

6.  In  one  batch  of  I  'anici'iitrolits  eggs,  the  eggs  con>tricted  into  three 
parts  instead  of  two.  and  each  part  received  a  sperm  and  developed. 

7.  Half  and  quarter  eggs,  both  nucleate  and   non-nucleate,   can  be 
cross-fertilized  in  approximately  the  same  percentage  as  the  whole  eggs. 
Some  of  the  cross-fertilized  non-nucleate  halves  were  raised  to  plutei. 
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STUDIES  ON  THE  BIQLOGY  AND  CHEMISTRY  OF 
THE  GULF  OF  MAINE 

I.     CHEMISTRY  OF  THE  WATERS  OF  THE  GULF  OF  MAINE 

IN  AUGUST,  1932 

NORRIS  W.  RAKESTRAW 
THE  WOODS  HOLE  OCEANOGRAPHIC  INSTITUTION  1 

The  hydrographic  features  of  the  Gulf  of  Maine — temperature,  sa- 
linity, and  the  dominant  concentration  of  its  waters — are  now  known 
broadly  speaking  (4)  (5).  The  same  may  he  said  of  the  general  occur- 
rence  of  its  principal  inhabitants  (3).  The  final  goal  of  such  studies, 
the  explanation  of  the  natural  economy  of  these  inhabitants  in  terms  of 
their  physical  and  chemical  environment,  lies  ahead.  It  is  to  be  sought 
not  so  much  by  the  generalized  surveys  of  the  area  as  by  more  detailed 
study  of  the  physical  and,  more  especially,  of  the  chemical  changes  in  the 
water  from  season  to  season  at  selected  locations,  combined  with  simul- 
taneous observations  on  the  occurrence,  abundance,  and  distribution  of 
the  animals  and  plants. 

Oceanic  biologists  in  various  parts  of  the  world  have  devoted  much 
attention  during  the  past  few  years  to  the  factors  and  events  that  con- 
trol the  biologic  fertility  of  the  seas.  Parallelism  has  so  repeatedly  been 
established  between  variations  in  the  abundance  of  phytoplankton  on  the 
one  hand  and  in  the  available  supply  of  plant-nutrients  on  the  other,  that 
a  causative  relationship  is  now  universally  accepted.  Much  of  detail  is 
yet  to  be  learned  not  only  regarding  the  nutritive  requirements  of  differ.  - 
ent  groups  of  planktonic  plants,  ;but  equally  as  to  the  situation  existing 
with  regard  to  the^jpiK?*of  limiting  substances  in  different  parts  of  the 


sea. 

The  Gulf  of  Maine  appears  to  be  a  particularly  favorable  area  for 
such  detailed  studies.  Within  a  circumscribed  region  of  ready  accessi- 
bility there  occurs  a  variety  of  hydrographic  conditions,  in  many  ways 
representative  of  boreal  seas  as  a  whole.  These  range  from  the  turbu- 
lent shallow  waters  overlying  the  offshore  banks  to  the  stable  and  strati- 
fied waters  which  develop  in  the  deeper  portions  of  the  Gulf  during  the 
summer.  Within  this  area  exceptionally  large  ranges  of  temperature 
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occur,  both  seasonal  and  in  cm-relation  with  the  depth  of  the  water. 
Furthermore,  the  deeper  portions  of  the  Gulf  appear  to  he  fed  by  a 
tongue  of  water  originating  at  even  greater  depths  <>i'Ni<>re.  This  water 
will  be  shown  from  its  chemical  content  to  be  characteristic  of  the  more 
stagnant  waters  of  the  deep  sea.  Conditions  are  consequently  favorable 
for  the  examination  of  the  nutrient  cycle  in  all  its  phases. 


IMC.  1.     Locations   <>f   "Atlantis"   Stati.ms    1329-1337,   August   2-5,   1932. 


I  Miring  the  month  of  August.  1(|^2.  a  cruise  of  the  research  ship 
Atlantis  '  ;i  Honied  an  opportunity  for  the  simultaneous  study  of  the 
quantitative  distribution  of  phytoplankton,  of  bacteria,  and  of  the  most 
obviously  important  nutrient  substances  of  the  sea  water.  Stations  were 
made  in  two  regions  <,f  striking  contrast,  the  deep  basin  of  the  (lull"  on 
tin-  one  band,  and  the  waters  over  its  shoal  southern  rim  (Georges  Bank) 
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on  the  other.  The  location  of  the  stations  is  charted  in  Fig.  1  and  their 
position  recorded  in  Table  I. 

The  present  paper  deals  with  the  chemical  observations  made  during 
this  cruise.  The  results  of  the  study  of  phytoplankton  and  bacteria  are 
presented  in  the  succeeding  communications. 

The  chemical  program  of  the  cruise  consisted  in  the  determination  of 
phosphate,  nitrate,  nitrite,  and  oxygen  in  the  water  at  various  depths 
from  all  stations.  The  methods  used  were  those  which  have  now  be- 
come rather  well  standardized  :  for  phosphate,  the  colorimetric  molybdic 
acid  method  successfully  used  by  Atkins  and  many  others  (1)  (2)  (3) 
(8)  ;  for  nitrate,  the  colorimetric  method  of  Harvey  (7)  (8),  using  re- 
duced strychnine;  for  nitrite,  the  Griess-Ilosvay  method,  but  substitut- 
ing the  diethyl  derivative  of  alpha-naphthylamine ;  for  oxygen,  Winkler's 
iodimetric  titration.  All  analyses  were  carried  out  on  ship-board,  as 

TABLE  I 

Location  of  Stations 


Station  No. 

Date 

Lat.  N. 

Long.  W. 

1329 

August  2,  1932 

42°  42' 

69°  36' 

1330 

August  2,  1932 

42°  19' 

68°  22' 

1331 

August  3,  1932 

43°  14' 

67°  45' 

1332 

August  3,  1932 

42°  28' 

67°  03' 

1333 

August  4,  1932 

42°  15' 

66°  04' 

1334 

August  4,  1932 

42°  00' 

66°  54' 

1335 

August  4,  1932 

41°  26' 

66°  53' 

1336 

August  5.  1932 

40°  57' 

67°  49' 

1337 

August  5,  1932 

40°  35' 

68°  42' 

soon  as  possible  after  the  water  samples  had  been  taken.  The  oxygen 
and  phosphate  analyses  were  made  by  Mr.  T.  S.  Greenwood. 

From  the  chemical  standpoint  as  well  as  the  hydrographic  the  sta- 
tions may  be  divided  into  two  groups;  the  first  five,  Nos.  1329-1333. 
fairly  deep,  in  the  Gulf  of  Maine;  and  the  last  four,  Nos.  1334-1337, 
much  shallower,  on  Georges  Bank.  A  more  thorough  mixing  is  char- 
acteristic of  the  latter  group,  a  less  pronounced  thermocline  and,  as  a 
consequence,  a  more  nearly  homogeneous  water  mass,  top  to  bottom. 

The  data  are  given  in  Table  II  and  plotted  in  depth-concentration 
curves.  Figs.  2,  3,  and  4.  In  the  latter,  the  scale  is  different  for  each 
of  the  five  items,  and  is  so  chosen  as  to  make  the  curves  most  nearly 
correspond  with  each  other.  In  the  tables  and  curves  the  lower  limit 
for  nitrite  nitrogen  is  taken  as  approximately  0.4  mg./m.3 ;  that  is,  the 
water  is  considered  nitrite-free  when  amounts  less  than  this  are  pres- 
ent, although  with  care  it  is  possible  to  detect  perhaps  half  this  amount. 


152  NORRIS  \V.  RAKESTRAW 

TABLE  1 1 

Hydrograpkic  and  Chemical  Data  for  Stations  in  the  Gulf  of  Maine  and  on  Georges  Bank 


Deptli 

Temp. 

Salinity 

Nitrate 
N 

Nitrite 

N 

I'licisphate 

P04 

Oxygen 
content 

Oxygen 
satura- 
tion 

meters 

•c. 

mg./m.3 

nig./m.1 

mg./m.3 

cc. 

per  cent 

1 

19.19 

32.00 

25 

0 

18 

5.40 

98 

1(1 

16.81 

32.21 

24 

0 

13 

6.30 

110 

20 

11.02 

— 

35 

0 

11 

7.27 

113 

30 

8.16 

32.45 

34 

0 

40 

7.44 

108 

Station  132'' 

40 

6.2 

32.63 

120 

1.3 

77 

6.63 

04 

August  2,  1«>32 

50 

60 

5.15 
5.2 

32.02 
32.79 

175 
195 

1.0 
1.0 

102 

100 

6.39 
6.34 

89 
88 

75 

4.83 

32.92 

240 

1.0 

115 

6.10 

84 

100 

4.59 

33.19 

275 

0.8 

85 

5.79 

80 

240 

6.30 

34.23 

425 

1.1 

96 

4.38 

63 

1 

19.81 

32.70 

21 

0 

20 

5.56 

102 

10 

19.43 

32.20 

21 

0 

11 

5.57 

102 

19 

13.11 

32.54 

25 

0 

11 

6.99 

114 

29 

8.80 

32.66 

27 

0 

36 

7.26 

109 

Station  1330 

39 

6.03 

32.92 

105 

1.6 

— 

0.75 

96 

August  2,  1932 

48 
63 

5.01 
4.65 

32.92 
32.92 

170 
190 

0.4 
0.4 

43 
45 

6.51 
6.46 

90 
89 

77 

4.45 

33.01 

240 

0.7 

54 

6.34 

87 

101 

4.47 

33.12 

250 

0 

59 

6.17 

85 

189 

5.81 

34.23 

390 

0 

82 

4.76 

68 

1 

16.57 

32.75 

28 

1.2 

12 

6.07 

106 

10 

13.87 

32.39 

27 

1.3 

8 

6.63 

110 

19 

9.65 

33.03 

35 

2.1 

0 

7.24 

111 

29 

8.54 

32.77 

75 

2.9 

18 

6.53 

(>7 

^tation  1331 

39 

6.79 

32.92 

135 

3.6 

17 

6.07 

87 

August  3,  1932 

48 

58 

5.81 
6.00 

32.92 

33.12 

150 

210 

1.7 
1.4 

18 
19 

5.94 

5.7S 

83 
82 

72 

5.68 

33.13 

225 

1.2 

80 

5.67 

80 

07 

5.53 

32.97 

2S5 

0.9 

— 

5.43 

To 

194 

6.67 

34.37 

350 

1.6 

— 

4.47 

65 

1 

17.67 

32.4S 

22 

0 

22 

5.90 

104 

9 

17.00 

32.72 

20 

0 

22 

5.0() 

104 

19 

13.90 

32.34 

16 

0 

23 

6.66 

110 

28 

11.09 

32.66 

27 

1.5 

36 

6.95 

107 

38 

9.67 

32.57 

27 

1.4 

30 

6.81 

104 

Cation  1332 

47 

8.65 

32.50 

(>() 

2.7 

50 

6.82 

102 

August  3,  I'M  2 

56 
71 

7.31 
6.13 

32.84 
33.6* 

155 
235 

3.8 

1.5 

67 
86 

6.40 

5.94 

93 

84 

94 

6.1  < 

J3.89 

265 

1.2 

100 

5.39 

77 

188 

7.17 

34.85 

450 

1.8 

132 

4.27 

63 

340 

6.33 

34.85 

500 

1.1 

138 

4.48 

64 
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TAIU.K  II    (Continued) 


Depth 

Temp. 

Salinity 

Xitrate 

N 

Nitrite 

N 

Phosphate 

PO4 

Oxygen 
content 

Oxygen 
satura- 
tion 

meters 

"C. 

jng./m.3 

mg./m.3 

mg./m.3 

cc. 

per  cent 

1 

17.31 

32.43 

16 

0 

22 

5.7S 

102 

9 

16.81 

32.34 

20 

0 

28 

6.00 

104 

Station  1333 

17 
26 

35 

9.96 

7.57 
6.76 

32.48 

20 
80 
110 

0 
3.5 

2.5 

32 
36 
54 

6.92 
6.68 
6.60 

106 
98 
94 

32.70 

August  4,  1932 

44 

52 

6.10 
6.00 

32.83 
33.44 

150 

175 

1.7 
0.9 

73 
70 

6.40 
6.39 

90 
91 

65 

5.61 

33.44 

240 

3.7 

81 

5.94 

.  84 

87 

6.00 

34.02 

275 

2.7 

97 

5.39 

77 

186 

6.67 

34.90 

460 

3.7 

100 

4.69 

68 

1 

14.98 

32.52 

20 

0 

25 

6.10 

103 

9 

15.02 

32.48 

27 

0 

34 

6.11 

103 

17 

14.15 

32.66 

24 

0 

38 

6.12 

102 

Station  1334 

26 

13.25 

32.70 

40 

1.8 

43 

6.17 

101 

August  4,  1932 

35 
43 

12.55 
11.86 

32.70 
32.74 

45 
60 

1.9 
2.0 

35 
37 

6.24 
6.22 

101 
99 

52 

9.01 

32.79 

100 

2.5 

38 

6.28 

95 

1 

15.50 

32.54 

25 

1.9 

26 

6.34 

108 

10 

15.45 

32.38 

25 

2.6 

— 

6.35 

108 

20 

12.90 

32.74 

25 

1.4 

— 

6.68 

109 

Station  1335 

30 

10.61 

32.88 

65 

4.0 

71 

6.24 

97 

August  4,  1932 

40 
50 

10.04 
10.26 

32.79 
33.01 

80 
80 

4.1 
3.9 

64 
67 

6.18 
6.18 

95 
96 

60 

10.11 

32.74 

85 

4.0 

62 

6.17 

95 

1 

15.23 

32.70 

21 

1.0 

31 

6.25 

106 

10 

14.35 

32.66 

22 

1.2 

32 

6.31 

106 

20 

11.07 

32.70 

60 

3.2 

35 

6.22 

98 

Station  1336 

30 

10.70 

32.66 

70 

3.9 

45 

6.12 

95 

August  5,  1932 

40 
50 

10.65 
10.63 

32.68 
32.66 

70 
70 

3.5 
3.4 

37 

6.06 
6.17 

94 
96 

60 

10.63 

32.74 

75 

3.9 

63 

6.10 

95 

1 

19.85 

32.95 

26 

1.6 

29 

5.82 

107 

10 

17.97 

32.63 

24 

1.1 

31 

6.12 

109 

20 

11.49 

32.68 

24 

0.6 

28 

7.24 

114 

Station  1337 

30 

9.13 

32.81 

95 

7.4 

76 

5.96 

90 

August  5,  1932 

40 
50 

8.98 
8.97 

33.44 
32.83 

105 
105 

7.4 
6.9 

69 

77 

5.95 
5.95 

90 
90 

60 

8.97 

32.83 

105 

7.0 

82 

5.89 

89 
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Oxygen. — The  figures  for  dissolved  oxygen  content  agree  in  general 
with  those  found  in  other  similar  investigations.  When  the  "  percentage 
of  saturation  "  is  calculated  it  is  found  that  the  upper  20-40  meters  are 
invariably  "  supersaturated,"  with  a  maximum  corresponding  to  the  level 


ISZ9 


A33O 


STff 


\ 


\-IOm 

:-ZQ 
SO 
40 
^fO 
60 

75 
100 


-173 


Mir  He  N 

Oxyyen  safe 

PQ+  .x — x_ 


Temp    f     10    IS  20° 

rtitnfe-rtioo  zoo  too  o/ny 

nUnte-N       4    Z  9mV 

oxuotn  safQ   6f>    6Q  too 

7*04  too  ao  6  my 


l-'n,.  2.     Clirniir.-il  data  for  stations  in  tin-  drrji 

August,  1<>32. 


sin  of  the  (iulf  of  Maine, 


"f  greatest  diatnin  almndanre.  This  is  1>r<  ni^ht  out  in  detail  in  the  sec- 
tion  of  this  report  dealing  with  diatom  distribution.  In  no  case  is  there 
any  clearly  defined  minimum  at  an  intermediate  depth,  but  always  a 
0'iilinni'Uslv  decreasing  percentage  tn  the  bottom. 
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Phosphate. — The  phosphate  values  were  obtained  under  rather  less 
than  ideal  conditions  but  are  satisfactory  for  comparative  purposes. 
Only  at  the  first  three  stations  do  the  concentrations  approach  critically 
low  values,  and  it  is  to  be  observed  that  the  minimum  quantities  are 
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FIG.  3.     Chemical  data  for  stations  near  the  Eastern  Channel,  August,   1932. 

found  at  depths  of  10-20  meters,  corresponding  to  the  regions  of  highest 
oxygen  saturation. 

Nitrate. — The  concentrations  of  nitrate  nitrogen  do  not  in  any  in- 
stance approach  what  have  been  considered  minimal  quantities.  How- 
ever, the  correlation  of  oxygen  saturation  and  diatom  abundance  with 
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nitrate  is  much  closer  than  with  phosphate.  The  depth-concentration 
curves  indicate  how  almost  every  change  in  oxygen  is  accompanied  by  a 
similar  one  in  nitrate.  The  concentrations  of  nitrate  reported  here  will 
he  observed  to  he  somewhat  higher  than  those  generally  recorded  in  the 
literature.  But  four  years  of  experience  with  the  method  leads  the 
author  to  believe  them  fairly  reliable.  Each  sample  was  determined  in 
duplicate,  and  the  color  developed  by  the  reagent  compared  with  a  set  of 
dye-standards  twice  standardized  against  a  series  of  sea-water  simples 
with  known  amounts  of  added  nitrate.  Deep  water  samples  were  diluted 
with  surface  water  of  known  nitrate  concentration  to  bring  them  within 
the  most  reliable  range  of  the  standards.  Anyone  who  has  worked  with 
the  method  will  realize  the  uncertainties  involved  in  determining  abso- 
lute amounts  of  nitrate,  although  relative  values  are  doubtless  satis- 
factory. 

Xitritc. — The  nitrite  determinations  made  on  this  cruise  are  but  one 
part  of  a  larger  study  of  the  variations  and  general  significance  of  nitrite 
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I-'K,.  4.     Chemical  data   for  stations  on  Georges   Hank.   Anmi-t.   1932. 

in  the  sea,  which  will  be  reported  later.  The  position  which  nitrite  oc- 
cupies in  the  general  nitrogen  cycle  in  the  >ea  has  been  pointed  out  on 
si  veral  occasions  (9)  (10)  (7)  (11  and  others).  Its  occurrence  in  sea 
water,  under  many  circumstance-  at  least,  is  altogether  certain,  notwith- 
standing Harvey's  doubts,  expressed  in  1926  (7).  Since  it  occupies  an 
intermediate  position  in  the  oxidation  of  ammonia  to  nitrate,  its  con- 
centration might  naturallv  be  expected  to  be  exceedingly  variable,  de- 
pending upon  conditions.  In  fact,  there  are  several  agencies,  both 
•  hemical  and  biological,  which  can  alter  it.  The  results  of  Atkins  (11) 
and  s,  veral  others,  including  the  present  author,  show  conclusively  that 
the  presence  of  nitrite  is  not  in  any  high  degree  dependent  upon  prox- 
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imity  to  the  shore,  even  in  cases  in  which  pollution  may  be  expected. 
Atkins'  assumption  (11)  as  to  the  significance  of  the  nitrite  concentra- 
tion (namely,  that  it  is  an  index  of  the  extent  of  the  nitrification  process) 
is  hardly  adequate.  That  this  is  too  simple  an  explanation  of  its  varia- 
tions may  be  seen  even  from  the  few  data  here  reported,  and  more  par- 
ticularly on  consideration  of  the  bacteriological  results  in  a  later  section 
of  this  report. 

Under  what  may  be  considered  normal  conditions  at  this  time  of 
year,  the  sea  water  is  devoid  of  nitrite  in  the  upper  levels.  In  only  one 
of  the  five  deep  stations.  No.  1331,  do  we  find  an  exception  to  this,  and 
this  station,  somewhat  isolated  in  the  northern  basin  of  the  Gulf,  differs 
from  the  other  stations  in  further  respects.  Its  thermocline  is  not  so 
pronounced,  and  the  low  phosphate  values  extend  further  down.  When 
nitrite  is  found  at  the  surface  it  is  usually  associated  with  rather  large 
amounts  lower  down  and  with  evidences  of  vertical  mixing.  This  can 
be  seen  in  the  depth-concentration  curves  for  Stations  1334—1337. 

Another  feature  of  the  present  investigation,  which  has  been  ob- 
served by  the  author  on  a  number  of  other  occasions,  is  the  occurrence 
of  a  maximum  nitrite  concentration  somewhere  in  the  neighborhood  of 
40  meters.  The  finding  of  such  intermediate  maximum  values  and 
Waksman's  establishment  of  the  fact  that  the  majority,  if  not  all,  of  the 
oxidation  of  ammonia  takes  place  in  the  bottom,  show  the  inadequacy  of 
regarding  nitrite  as  a  mere  index  of  nitrification.  Furthermore,  Waks- 
man's discovery  of  nitrate-reducing  organisms  in  the  upper  levels,  and 
their  relation  to  the  diatoms,  make  it  very  likely,  as  will  be  shown  in  the 
third  paper  of  this  series,  that  the  nitrite  maximum  is  due  to  reduction 
of  nitrate  rather  than  to  oxidation  of  ammonia. 

The  actual  bottom  water  differs  in  nitrate  and  nitrite  content  from 
that  obtained  in  the  lowest  sample  bottle.  The  water  brought  up  with 
sand  in  the  Peterson  Grab  at  Station  1336  was  filtered  off  and  found  to 
have  a  concentration  of  nitrate  nitrogen  of  350  mg./m.3,  and  of  nitrite, 
25  mg.  This  may  be  compared  with  the  nitrate,  75  mg.,  and  nitrite, 
3.9  mg.,  found  in  the  sample  at  60  meters,  only  four  meters  above.  Ap- 
proximately the  same  ratio  between  nitrate  and  nitrite  exists  in  the  two 
cases,  but  the  enormous  difference  in  the  absolute  quantities  shows 
clearly  where  the  active  nitrification  is  going  on.  Again,  mud  obtained 
from  Station  1331,  when  washed  with  nitrite-free  surface  water,  yielded 
nitrite  to  the  extent  of  8.8  mg./m.3,  as  compared  with  1.6  mg.  in  the 
lowest  water  sample.  Other  similar  cases  from  different  areas  will  be 
found  in  a  subsequent  paper  on  this  general  problem. 
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STUDIES   ON   THE   BIOLOGY  AND   CHEMISTRY   OF   THE 

GULF  OF  MAINE 

II.     DISTRIBUTION  OF  PHYTOPLANKTON  IN  AUGUST,  1932 

H.  H.  GRAN  i 

The  general  distribution  of  the  species  of  phytoplankton  in  the  Gulf 
of  Maine  is  well  known  from  Bigelow's  papers  (1915,  1928).  The 
summer  conditions  are  described  (1928,  p.  391)  as  follows: 

"  In  midsummer  we  have  usually  found  the  entire  basin  of  the  gulf 
occupied  by  a  peridinian  (Ceratium)  plankton,  with  only  occasional 
diatoms,  and  we  have  never  found  diatoms  in  abundance  anywhere  in 
the  gulf  in  July  or  August  except  close  along  the  coast,  on  the  one  hand, 
and  on  Georges  Bank,  on  the  other. 

"  We  found  diatoms  flowering  in  abundance  on  each  of  our  summer 
visits  to  the  latter  locality,  but  in  different  regions  in  different  years. 
Thus  they  dominated  on  the  western  end  of  the  bank  on  July  9,  1913, 
and  on  July  23,  1916,  but  when  we  visited  that  general  locality  on  July 
20,  1914,  the  water  contained  very  few  diatoms  but,  instead,  a  character- 
istic peridinian  plankton.  Three  days  later,  however,  we  encountered  a 
rich  flowering  of  diatoms  near  the  northeastern  edge  of  the  bank.  Fur- 
thermore, the  Georges  Bank  flowerings  of  July,  1913  and  1914,  though 
far  apart  geographically,  were  both  dominated  by  Guinardia.  In  July, 
1916,  however,  we  found  no  Guinardia  on  a  traverse  of  the  western  part 
of  the  bank  but  swarms  of  Thalassiothrix  and  Rhizosolenia  in  its  stead." 

..."  It  is  not  yet  clear  whether  any  particular  region  on  the  banks 
is  more  favorable  for  the  multiplication  of  diatoms  than  another,  except 
that  we  have  always  found  these  rich  flowerings  on  its  shoaler  parts  and 
never  close  enough  to  the  continental  slope  to  be  within  the  influence  of 
the  high  temperature  outside  the  edge,  which  in  its  own  turn,  supports 
various  oceanic  diatoms  in  small  numbers  mingled  with  peridinians  of 
similarly  Tropic  origin." 

During  the  cruise  with  the  "  Atlantis  "  in  the  beginning  of  August, 
1932,  we  visited  the  same  localities  and  found  on  the  whole  the  same 
general  distribution  of  the  communities  as  in  the  previous  years.  The 
newer  methods  allowed  us  to  study  quantitatively  the  horizontal  and 
vertical  distribution  of  the  various  species  in  correlation  with  chemical 
and  physical  factors,  and  thus  to  supplement  the  previous  observations. 

1  Contribution  No.  9,  Woods  Hole  Oceanographic  Institution. 
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At  each  station  water  samples  fur  centrif uglily  were  collected  from 
the  same  water  bottles  giving  samples  for  chemical  determinations.  To 
each  sample  of  150  cc.  were  added  5  cc.  of  a  neutralized  formalin  solu- 
tion (equal  parts  of  pure  40  per  cent  formalin  and  distilled  water,  neu- 
tralized by  adding  drop--  of  a  strong  sodium  carbonate  solution  to  neu- 
tral reaction  controlled  by  litmus  paper,  and  carefully  filtered  before 
Use).  Of  each  sample  55  cc.  were  centrifuged,  and  calculated  as  50  cc., 
because  experience  has  showed  that  about  10  per  cent  of  the  content  is 
lost  as  adhering  to  the  glasses  of  the  centrifuge  and  to  the  pipette,  even 
if  these  are  carefully  cleaned  by  rinsing  with  chromic  acid  between  each 
operation.  The  sediments  of  the  four  tubes  of  the  centrifuge  were  care- 
fully transferred  to  one  tube  with  acute  bottom  and  centrifuged  once 
more.  The  clear  water  above  the  sediment  was  sucked  off  cautiously 
by  a  pipette  and  only  a  sufficient  quantity  left  to  be  covered  by  a  cover- 
glass  20  mm.  square.  The  slide  is  ruled  across  with  0.4  mm.  distance 
between  the  lines.  For  the  counting  a  4  mm.  apochromate  (Zeiss)  was 
used.  \Yith  a  compensation  ocular  Xo.  4  two  intervals  are  covered  by 
the  field  of  the  microscope,  with  ocular  8  just  one  (0.4  mm.).  The 
whole  content  below  the  cover-glass  must  be  counted,  as  it  is  impossible 
to  get  the  sediments  evenly  distributed.  Kverv  cell  is  counted  also  of 
species  forming  chains.  When  one  or  two  chain-forming  species  are 
very  abundant,  it  may  be  sufficient  to  count  the  number  of  chains  and 
calculate  the  number  of  cells  bv  multiplication  with  the  average  number 
of  cells  per  chain,  separately  determined  in  that  same  sample..  In  the 
tables  the  frequency  of  each  species  is  given  as  cells  per  liter,  the  figure 
of  20  thus  representing  one  cell  observed  in  50  cc.  of  sea  water. 

Vertical  bawls  with  Xo.  20  silk  nets  were  taken  at  all  stations  and 
Used  for  a  preliminary  investigation.  As  a  rule  all  species  observed  in 
the  net  samples  were  also  found  in  the  centrifuged  water  samples  except 
larger  forms  as  e.g.  .  icanthometron,  which  was  abundant  at  some  of  the 
stations  in  the  deeper  part  of  the  Gulf,  as  also  found  by  Bigelow  in  1914. 
Further  a  number  of  nannoplankton  species  were  observed  which  could 
not  be  caught  by  the  nets. 

Of  the  eight  stations  from  which  phyloplankton  samples  were  ex- 
amined, the  first  live  (  132'*  l.U.^i  were  taken  in  the  deeper  part  of  the 
Gulf  of  Maine,  the  last  three  (  1334-1336)  on  Georges  Hank.  The  two 

nps  are  best  described  separatclv.  as  they  show  considerable  differ- 
ences in  the  quantitative  distribution  of  the  species. 

The  position-,  of  the  stations  and  the  data  concerning  the  chemical 
condition  of  the  sea  water  are  given  in  the  preceding  paper  (Rakestraw, 

1933). 
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Tin-:  Di-.F.r  BASIN  OK  TMK  GTLK  OF  MAINE 

All  stations  in  tins  arra  show  a  marked  stratification  with  regard  to 
the  hydrographical  conditions  as  well  as  to  the  vertical  distribution  of  the 
plankton.  The  surface  is  covered,  downwards  to  10  meters  or  more,  by 

TABLE  I 
"Atlantis"  Station  1330,  August  2,  1932 


Depth    meters                     

l 

10 

19 

29 

39 

48 

77 

Temperature    °  C    

19.81 

19.43 

13.11 

X.80 

6.03 

5.01 

4.45 

5.56 

5..S7 

6.99 

7.26 

6.75 

6.51 

6.34 

102 

102 

114 

109 

96 

90 

87 

Nitrate    mg   N  per  t  it    m.                       

21 

21 

25 

27 

105 

170 

240 

Halosphaera  viridis  juv  

cells 
per 
liter 

cells 
per 
liter 

cells 
per 

liter 

340 

cells 
per 
liter 

cells 

per 

liter 

cells 
per 
liter 

cells 
per 
liter 

Coccolithus  pelagicus      

220 

140 

. 



. 

— 

Pontosphsera  Huxleyi 

260 

220 

6640 

37200 

300 





Dictyocha  fibula    

20 

80 

— 

— 

Actinocyclus  Ehrenbergi             .... 

20 

180 

160 

120 

Corethron  hystrix      







40 



20 

— 

Coscinosira  CEstrupi          



140 



220 

720 

160 

60 

Nitzschia  senata                           .... 

40 

600 

280 



— 

Rhizosolenia  alata   

40 

120 

180 

160 



60 

— 

Rhizosolenia  Shrubsolei      



40 

160 

— 

— 

Ceratium  bucephalum  

140 

460 

60 

Ceratium  fusus                     

20 

40 

240 

360 

20 

— 

— 

Ceratium  longipes  

20 

20 

20 

60 

280 

80 

Ceratium  tripos  

20 







— 

— 

— 

Exuvia^lla  baltica             

40 

100 

120 

100 

— 

— 

— 

Gonyaulax  onentalis                 

20 



40 

— 

20 

— 

Gonyaulax  onentalis   cysta;           .  . 

20 

40 

240 

660 

40 

80 

20 

Acanthostomella  norvegica 

20 

20 

Laboea  conica  

20 

20 



— 

— 

— 

— 

Laboea  strobila           

40 

60 



— 

— 

— 

— 

The  following  species  were  found  in  small  numbers: 

Cerataulina  Bergonii  30  m.,  20.  Chcetoceros  decipiens  50  m.,  60.  Coscinodiscus 
centralis  30  m.,  20.  C.  excentricus  30  m.,  40.  Leptocylindrus  danicus  30  m.,  40. 
Nitzschia  delicatissima  30  m.,  100.  Thalassiosira  decipiens  40  m.,  40.  T.  gravida 
30  m.,  40. 

Oxytoxum  gracile  20  m.,  20.  Peridinium  brevipes  10  m.,  20.  P.  Steinii  10  m.,  20. 
Protoceratium  reticulatum  30  m.,  20. 

Favella  denticulata  75  m.,  20.  Lohmanniella  spiralis  10  m.,  20.  Ptychocylis 
obtusa  30  m.,  20. 

a  layer  of  high  temperature,  mostly  above  15°,  and  low  specific  gravity 
(o-t  less  than  25).  These  surface  layers  were  less  saturated  with  oxygen 
than  the  transition  layers  in  the  depths  of  20-30  meters,  which  indicates 
that  the  photosynthesis  of  the  phytoplankton  had  been  more  active  at  20 
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TABLE  II 

"Atlantis"  Station  1331,  August  3,  1932 


Depth,  meters    .                       .              

i 

10 

19 

29 

39 

48 

72 

Temperature,  °  C  

16.57 

13.87 

•i  1,=. 

s  ^l 

6.79 

5.81 

5  68 

at  

2.5.91 

24.22 

25.49 

25.47 

25.83 

25.96 

26  13 

(  >\\'L:rn    '  f   of  saturation 

106 

1  10 

111 

97 

87 

83 

80 

Nitrate,  ing.  .V  per  cu.  m.                   

28 

27 

35 

75 

135 

150 

225 

Coccolithus  pelagicus  

cells 
per 

liter 

Per 
liter 

cells 
per 
liter 

cells 
per 
liter 

per 

liter 

20 

cells 
per 

liter 

20 

cells 
per 
liter 

20 

Pontosphjera  Huxleyi 

2060 

940 

80 

Distephanus  speculum 

120 

40 

\"  i  inorvclus  Ehrenbergi 

40 

?0 

20 

Cerataulina  Bergonii  

160 

280 

Chaetoceros  borealis  

160 

20 

Chaetoceros  conipressus  .        

1680 

lOdO- 

20* 

40* 

Chaetoceros  constrictus  

320 

3460 

2700* 

60 

Chaetoceros  decipiens 

360 

500 

40 

140 

Chaetoceros  cliadema    .... 

700 

200 

Chaetoceros  laciniosus 

440 

160 

Chaetoceros  radicans 

so- 

40* 

Corethron  hystrix  

180 

20 

Coscinodiscus  excentricus  

40 

20 

Coscinosira  CEstrupi   

480 

60 

1800 

1520 

380 

Leptocylindrus  danicus.  . 

120 

120 

360 

Khizosolenia  alata  

1480 

1780 

700 

200 

220 

70 

20 

Rhizosolenia  Shrubsolei 

100 

200 

PO 

Thalassiosira  gravida  

20 

40 

20 

Ceratium  bucephalum  

20 

260 

440 

40 

Ceratium  fusus  

20 

500 

280 

Ceratium  lineatum  

240 

Ceratium  longipes  

20 

80 

380 

200 

40 

Ceratium  tripos  

20 

20 

280 

20 

Dinophysis  norvegica 

20 

20 

Exuviaella  baltica.  .  .  . 

40 

60 

120 

Gonvaulax  orientalis  

20 

280 

80 

<  ronyaulax  orientalis,  cvstcp  

180 

1060 

740 

100 

20 

20 

I'cridinium  brevipes  

20 

20 

20 

Peridinium  ovatum  

20 

80 

100 

1  'eridinium  pellucidum 

60 

20 

Peridinium  Stcinii  

20 

120 

180 

'0 

1  .tvella  denticulata  

?0 

20 

20 

1  .ohmanniella  ovit'onnis  .  .  . 

20 

20 

20 

I'l  vchorylis  obtusa  

80 

60 

40 

Tintinnopsis  sp  .  . 

80 

80 

Thi-  following  species  were  observed  in  small  numbers:  Chxtoceros  affinis  30  m., 
1  10;  ( '/;.  ,,»rt-iilulns  30  m.,  60.  Ch.  debilis  40  m.,  360.  Ch.  teres,  resting  spores  40  m., 
Ml;  CoMiiKxIiM  ;/.s  nuliutus  40  m.,  20.  Rhizosolenia  fragilissima  30  m.,  160;  Rh. 
stylifnnuis  50  m.,  20.  Skelft<»n-tn,i  (-<>stntnm  30  in..  300.  Thalassiothrix  longissima 
<o  m.,  60. 

'lynulnx  spinifera  10  in.,  20.      Peridinium  depression  75  in.,  40.     P.  pyri forme 
30  m.,  4d.      Annitliostonit'lla  n»nrgic<i  20  in.,  20. 

*  wit  h  rest  ing  spores. 
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to  30  meters  than  at  the  surface.  This  also  agrees  with  the  fact  that  the 
phytoplankton  had  its  niaximuni  of  frequency  just  in  the  same  depths, 
20  to  30  meters,  as  shown  l>y  Tables  1  and  II,  in  which  the  results  of  the 
countings  are  represented  for  two  selected  stations,  1330  and  1331. 

The  dominating  species  were  Ccratium  fusus,  PontospJicera  Huxleyi 
and  germinating  cystae  of  Gon  yauhi.r  orient  alls.  The  diatoms  were  rep- 
resented by  Rhizosolcnia  alata,  which  also  elsewhere  as  a  rule  accom- 
panies the  Ceratium-plankton  during  the  summer  as  a  subordinate  part 
of  the  phytoplankton,  and  by  the  little  Coscinosira  CEstrupi.  Also 
Nitsschia  seriata  and  Rhizosolenia  Shrubsolci  occurred  in  small  num- 
bers. Neritic  diatoms  were  scarce,  and  some  of  them  had  resting  spores 
as  a  sign  that  they  may  be  regarded  as  the  last  remains  of  a  population 
from  an  earlier  season.  At  Station  1331  they  were  found  in  greater 
numbers  than  elsewhere,  with  a  distinct  maximum  at  30  meters  depth 
and  an  accumulation  of  resting  spores  at  40  meters.  Just  at  this  station 

TABLE  III 
Ceratium  bucephalum,  August  2-5,  1932 


Depth 

Stations 

1329 

1330 

1331 

1332 

1333 

1334 

1335 

1336 

meters 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

1 

— 

— 

— 

— 



— 

— 

20 

10 

— 

— 

20 

— 



— 

— 

— 

20 

20 

— 

260 

— 

20 

— 

—  - 

— 

30 

20 

40 

440 

— 

— 

— 

20 

— 

40 

60 

140 

40 

— 

— 

40 

— 

— 

50 

100 

460 

— 

— 

—  • 

40 

— 

— 

75  (60) 

— 

60 

— 

— 

— 

— 

— 

— 

the  warm  surface  layer  was  shallower  than  at  the  other  stations,  the 
temperature  was  below  10°  from  20  m.  and  downwards,  and  the  high 
nitrate  content  characteristic  of  the  deeper  layers  was  found  right  up  to 
30  meters  depth  (75  mg.  N  per  cu.  m.),  just  where  these  diatoms  had 
their  maximum.  Also  at  this  station  the  surface  layer  itself  was  some- 
what richer  than  elsewhere  in  the  Gulf ;  Pontosphccra,  Rhizosolenia 
alata,  and  Ccratium  lincatum  had  their  maxima  above  10  meters  depth. 
At  all  stations  in  the  Gulf  Cera  tin  in  bucephalum  and  longipes,  as 
shown  by  Tables  III  and  IV,  had  their  maxima  below  30  m.,  at  40  to 
50  m.,  where  the  conditions  for  photosynthesis  could  not  be  optimal, 
judged  from  the  low  oxygen  content  of  the  water.  Only  at  Station  1331, 
where  the  limit  between  the  surface  layer  and  the  deeper  layers  seemed 
to  have  been  raised  to  a  higher  level,  C.  bucephalum  had  its  maximum 
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as  high  up  as  30  m.  These  two  species  were  dominating  the  phytoplank- 
ton  in  the  same  area  one  month  carlic-r.  at  the  beginning  of  July,  as  was 
observed  by  the  International  I'a^amaquoddy  Fisheries  Commission, 
and  have  probably  sunk  down  after  their  period  of  growth. 

The  two  stations  1332  and  1333,  taken  in  the  eastern  part  of  the  Gulf. 
where  the  water  according  to  Bigelow's  observations  flows  into  the  Gulf 
from  the  south,  were  distinctly  poorer  than  the  others.  Single  specimens 
of  rare  oceanic  species,  like  O.ryfo.vnm  rcticulaturn  at  Station  1333,  prove 
the  oceanic  influence.  P>ut  at  the  same  time  one  may  be  allowed  to  con- 
clude that  the  rich  Ceratium-plankton  of  the  Gulf  has  gotten  its  specific 
character  in  the  Gulf  itself  by  propagation  of  the  species  adapted  to  the 
local  conditions,  even  if  some  of  them  may  have  floated  in  from  outside. 

GEORGES  BANK 

The  plankton  collections  taken  at  the  three  stations  on  Georges  Bank, 
1334  to  1336.  all  show  a  marked  difference  from  those  of  the  inner  Gulf, 

TABLE  IV 

Ceratiitm  longipes,  August  2-5,  1932 


Depth 

Stations 

1329 

1330 

1331 

1332 

1333 

13.54 

1335 

1336 

meters 

fells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

ceils  per 
liter 

cells  per 

liter 

cells  per 
liter 

cells  per 
liter 

1 

— 

20 

— 

— 

— 

— 

— 

— 

1(1 

— 

— 

20 

— 

— 



— 

— 

20 

— 

20 

— 

— 

— 



40 

— 

JO 

-  — 

20 

80 

— 

20 



20 

— 

4(1 

60 

60 

380 

— 

— 

40 

— 

— 

50 

— 

280 

200 

— 

— 

— 

20 

— 

75  ((»()] 

— 

80 

40 

— 

200 

20 





but  between  them  there  is  a  great  similarity.  Table  V  shows  as  an  ex- 
ample the  observations  from  Station  1334. 

The  species  dominating  in  the  Gulf,  the  Ccrdliinn  species,  Gonyaulax 
orii'iitdlis,  roiitospha-ni  Hit.rlcyi,  Coscinosird  (}•' \iniN,  occurred  also  on 
the  I'.ank,  but  in  much  smaller  numbers.  The  plankton  on  the  P.ank  was 
dominated  by  oceanic  diatoms,  firM  of  all  Rhizosolenia  aldtd  (Table  VI), 
which  at  Station  1334  formed  <|iiitr  a  dense  population  with  a  maximum 
of  nearly  50,fX)0  cells  per  liter. 

.Ms.,,  f\'liic<>s(ilcniii  Slinil'solrl  and  \i/:scliid  scriata  occurred  in  fair 
numbers,  up  to  SSO  and  1440  per  liter  in  nearly  all  the  samples,  and 
st \lifannl*  was  found  evenly  distributed.  The  neritic 
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diatoms  were  less  abundant,  only  Lcptocylindnts  dcniciis  and  Thalas- 
siothri.r  nitzschioidcs  were  found  in  most  of  the  samples  in  numbers  up 
to  1400  and  1240  per  liter,  numbers  which  are  quite  inconsiderable  in 

TABLE  V 

Atlantis  Station  1334,  August  4,  1932 


Depth    meters          

l 

9 

17 

26 

35 

43 

52 

Temperature    °  C    

14.98 

15.02 

14.15 

13.25 

12.55 

11.86 

9.01 

24.08 

24.04 

24.37 

24.58 

24.73 

24.88 

25.41 

Oxygen    c'o  of  saturation 

103 

103 

102 

101 

101 

99 

95 

Nitrate    nig»  AT  per  cu    in           .  .           ... 

20 

27 

24 

40 

45 

60 

100 

Coccolithus  pelagicus       

cells 
per 
liter 

cells 
per 
liter 

ceils 
per 

liter 

cells 
per 

liter 

cells 
per 
liter 

cells 
per 
liter 

40 

cells 
per 
liter 

20 

Pontosphaera  Huxleyi    

840 

160 





^ 





Dictyocha  fibula  

40 







^ 

20 

Actinocyclus  Ehrenbergi  

80 

80 

40 

120 

Coscinodiscus  excentricus  .  . 

40 

80 



.  

40 

Coscinosira  CEstrupi  

40 



120 



80 

140 

Guinardia  flaccida  

. 

.    __ 





40 

100 

Leptocylindrus  danicus  



1240 

320 

480 

880 

160 

Nitzschia  delicatissima         .  . 

160 

240 

400 

200 

480 

40 

N   seriata       

120 

680 

560 

1080 

1160 

1440 

1060 

Paralia  sulcata    





, 

500 

Pleurosigma  Normani    

40 

200 

80 

40 

40 

60 

Rhizosolenia  alata  

27880 

29720 

47920 

49800 

27360 

30120 

15860 

R   Shrubsolei  

560 

120 

400 

880 

760 

200 

460 

R   styliformis                     .        

200 

120 

40 

120 

120 

40 

140 

Skeletonema  costatum 



160 



160 



Thalassiothrix  longissima  

80 

,  „ 

40 

40 

160 

—  , 

— 

T   nitzschioides            

280 

440 

1240 

960 

560 

1200 

860 

Ceratium  bucephalum  .      .        .... 

40 

40 

C   fusus    



120 

80 



40 

— 

100 

C   lineatum    .           



40 





80 

— 

60 

C   longipes                        









40 

— 

20 

C.  tripos   

40 









— 

20 

Gonyaulax  onentahs   cystse  

40 









40 

20 

Favella  denticulata  



80 

40 

40 

40 

40 

Helicostomella  subulata  

40 

40 

40 

80 

120 

40 

40 

The  following  species  were  observed  in  small  numbers: 

Actinoptychus  undulatus  10  m.,  40;  Chastoceros  compressus  20  m.,  320;  Lepto- 
cylindrus minimus  20  m.,  640;  Rhizosolenia  setigera  50  m.,  80;  Dinophysis  acuminata 
20  m.,  40;  Peridinium  brevipes  50  m.,  40;  Pyrophacus  horologium  40  m.,  40. 

Ptychocylis  obtusa  50  m.,  20;  Lohmanniella  spiralis  60  m.,  20;  Tintinnopsis  sp. 
60  m.,  20. 

comparison  with  the  quantities  of  the  same  species  often  observed  in 
coastal  waters.     Guinardia  flaccida,  which  was  found  on  the  Bank  by 
Bigelow  in  July,  1913  and  1914  as  a  dominant  species,  occurred  also  in 
12 
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1932  at  all  three  stations,  but  only  in  the  samples  from  the  deeper  layers 
(Table  XIV).  It  was  most  abundant  at  Station  1336  with  a  maximum 
of  340  per  liter  in  50  meters  depth.  The  neritic  tintinnid  Helicostomclla 
subulata  was  found  evenly  distributed  at  all  three  stations  in  numbers  up 
to  120  per  liter. 

Very  characteristic  is  the  regular  occurrence  of  some  littoral  diatoms, 

TABI.K  VI 
Rhi-'0solenia  alatii,  Au^n^t  2-5,  1932 


Deptli 

Stations 

1329 

1  viO 

1331 

1332 

1333 

1334 

1335 

1336 

meters 

cells  per 
liter 

cells  per 

liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 

liter 

1 

160 

40 

1480 

— 

80 

27880 

3080 

440 

10 

220 

120 

1780 

120 

20 

29720 

4320 

1750 

20 

1(10 

180 

700 

280 

20 

47920 

23620 

4040 

30 

60 

160 

200 

220 

20 

49800 

12720 

1660 

40 

140 

-  — 

220 

120 

40 

27360 

7660 

2720 

50 

— 

60 

20 

20 

20 

30120 

8220 

1720 

75  (60) 

— 

— 

20 

— 

— 

15860 

5720 

660 

TABLE  VII 
Pleurosigma  Normani,  Arigust  4-5,  1932 


Stations 


ueptii 

1334 

1335 

1336 

meters 

cells  per  liter 

cells  per  liter 

cells  per  liter 

1 

— 

— 

20 

10 

40 

20 

25 

20 

200 

20 

120 

30 

80 

40 

60 

40 

40 

120 

160 

50 

40 

40 

60 

60 

60 

40 

220 

\onnani.   1'uralia   siddilu.   and    \<r;'icula   distant.     Their 
distribution  indicate   with  certainty  turbulence  of  tin-  waters  by  which 

rial    from  a  shallow  bottom  has  been  carried  out  to  sea. 
It   is  al>o   remarkable  that  on  the-   Hank  all  the  species  mentioned 
above  were  evenly  distributed  from  the  surface  to  the  bottom  (Tables  VI 
and  VII).      Such  a  situation  can  only  have  been  produced  by  a  strong 
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vertical  mixing  of  the  waters,  which  is  also  indicated  by  the  even  dis- 
tribution of  the  temperature  and  salinity.  The  diatoms  show  a  slight 
maximum  at  all  stations  at  the  depths  of  20  to  30  meters.  Just  at  this 
depth  the  photosynthesis  seemed  to  have  its  optimum  in  the  Gulf  and  the 
same  may  have  been  the  case  on  the  Bank,  and  thereby  the  growth  may 
have  been  stimulated.  But  the  difference  in  numbers  corresponds  only 
to  one  or  two  cell  divisions  and  thus  the  turbulence  of  the  waters  must 
have  had  a  stronger  influence  on  the  vertical  distribution  of  the  diatoms 
than  the  factors  regulating  their  growth.  The  higher  temperature  of 
the  very  surface  layer,  from  1  to  10  meters,  seems  to  have  been  slightly 
unfavorable  for  the  growth  or  perhaps  for  the  floating  power — because 
of  the  lower  viscosity  of  the  water— of  most  of  the  species,  for  instance 
Leptocylindrns  danicus  (Table  VIII). 

TABLE  VIII 
Leptocylindrus  danicus,  August  2-5,  1932 


Stations 

Depth 

1329 

1330 

1331 

1332 

1333 

1334 

1335 

1336 

meters 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

1 

—  - 

— 

— 

— 

— 

— 

— 

— 

10 

— 

— 

120 

— 

— 

— 

— 

— 

20 

— 

— 

— 

— 

20 

1240 

1400 

560 

30 

— 

40 

120 

— 

— 

320 

1340 

440 

40 

— 

— 

360 

— 

— 

480 

580 

420 

50 

.  — 

— 

— 

— 

— 

880 

300 

380 

75  (60) 

— 

— 

— 

— 

— 

160 

640 

240 

A  comparison  between  the  Gulf  and  the  Bank  shows  first  of  all  that 
the  same  species  are  found  over  the  whole  area,  but  the  quantitative  and 
also  the  vertical  distribution  is  different.  The  stratification  in  the  inner 
Gulf  has  favoured  the  growth  of  the  Ccratia  and  of  Pontosphara 
(Tables  IX  and  X),  accumulated  by  their  active  movements  in  the 
depths  of  optimal  life  conditions.  On  the  other  hand,  the  mixing  of 
the  waters  on  Georges  Bank  has  brought  into  circulation  sufficient 
quantities  of  nutrient  salts  to  produce  a  strong  growth  of  oceanic 
diatoms,  Rhizosolenia  alata  and  others,  and  the  continued  vertical  mix- 
ing has  caused  their  even  distribution  from  surface  to  bottom.  At  the 
innermost  station  on  the  Bank,  Station  1334,  this  population  has  reached 
a  nearly  maximal  density  for  so  large  a  species  (Tables  V  and  VI). 
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Xeritic  diatoms,  which  arc-  a-  far  as  we  know,  the  most  rapid  grow- 
ers of  the  plankton  of  temperate  seas,  were  quite  scarce  over  the  whole 
area,  although  single  cells  or  chains  were  observed  everywhere.  The 
only  locality  where  a  slight  accumulation  of  them  could  be  observed,  was 
Station  1331,  where  for  some  unknown  reason  the  nitrate  content  was 
high  right  up  to  30  meters  depth,  and  just  at  this  depth  the  diatoms  had 

TABLE  IX 
Ceratium  ftisus,  August  2-5,  1932 


Stations 

Depth 

1329 

1330 

1331 

1332 

1333 

1334 

1335 

1336 

mrters 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 

liter 

cells  per 
liter 

1 

80 

20 

— 

— 

— 

— 

— 

40 

10 

220 

40 

20 

20 

60 

120 

40 

20 

20 

420 

240 

500 

40 

40 

80 

100 

40 

30 

620 

360 

280 

— 

— 

— 

— 

20 

40 

— 

20 

— 

— 

— 

40 

—  • 

— 

50 

— 

— 

— 

— 

— 

— 

— 

— 

75  (60) 

— 

— 

— 

—  • 

— 

100 



~ 

TABLE  X 

Pontospltccra  Iluxlryi,  August  2-5,  1V32 


Stations 


Deptli 

1329 

1330 

1331 

1332 

1333 

1334 

1335 

1336 

meters 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 
liter 

cells  per 

liter 

cells  per 

liter 

cells  per 
liter 

cells  Per 
liter 

1 

240 

260 

2060 

260 

2720 

S40 

40 

— 

10 

J880 

220 

940 

960 

2120 

120 

SO 

80 

20 

15620 

6640 

80 

860 

L0660 



26X0 

— 

30 

2000 

37200 

— 

580 

1140 



40 

— 

40 

80 

300 

— 

40 

3060 

— 

20 

20 

50 

— 

— 

— 

40 

80 

— 

— 

— 

75  (60, 

— 

— 

— 

— 

— 

— 



60 

increased  (Table  II).  Evidently  they  require  a  higher  concentration  of 
nutrient  -alts  than  the  surface  layers  (.f  the  Gulf  of  Maine  contained  at 
this  season. 

CULTURE  EXPERIMENTS 

As  a  contribution  to  the  question  of  the  requirements  of  nutrition  of 
the   plankton   diatoms   some  culture  experiments  were  made   with  the 
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same  method  as  was  used  previously  on  the  Norwegian  coasts.  A  se- 
ries of  elosed,  glass-stoppered  bottles  containing  sea  water  with  known 
content  of  plankton  were  suspended  in  the  sea,  all  under  the  same  con- 
ditions of  light  and  temperature,  and  with  the  addition  of  various  nutri- 
ent salts.  The  increase  of  the  diatoms  was  determined  by  counting. 
When  the  culture  bottles  were  exposed  only  a  few  days,  and  the  popula- 
tion in  the  bottles  was  not  allowed  to  increase  above  the  maximum 
density  observed  in  the  sea,  about  one  million  cells  per  liter,  the  cultures 
could  be  kept  under  quite  normal  conditions,  and  by  use  of  a  hand  lens 
the  cells  or  chains  could  be  seen  normally  and  evenly  suspended  in  the 
water  within  the  bottles. 

The  main  question  for  the  experiments  arranged  at  Woods  Hole  was 
that  of  the  possible  influence  of  soluble  iron  compounds  on  the  growth 
of  the  plankton  diatoms.  As  it  is  now  well  known,  most  of  the  differ- 
ences in  the  productivity  of  the  various  areas  in  the  sea  can  be  explained 
from  the  distribution  of  the  nitrates  and  phosphates,  acting  as  limiting 
factors  for  the  growth  of  the  plankton  algae  according  to  Brandt's  theory. 

But  we  have  also  some  indications  that  the  quantities  of  soluble  iron 
present  in  sea  water  may  lie  insufficient  to  support  a  rapid  growth,  par- 
ticularly of  the  neritic  diatoms,  and  my  working  hypothesis  is  that  the 
soluble  iron  compounds,  washed  out  with  "  humus  "-compounds  from 
the  shores,  may  give  the  explanation  of  the  relative  productivity  of 
coastal  waters  in  comparison  with  the  open  ocean. 

.  In  an  experiment  made  on  the  Norwegian  coast  (Gran,  1931)  I  had 
found  that  the  growth  of  the  neritic  diatom  Skcletonema  costatum  was 
enormously  stimulated  by  the  addition  of  small  quantities  of  garden  soil 
extract,  corresponding  to  10  mg.  soluble  Fe  per  cu.  m.,  to  the  oceanic 
water  in  which  it  was  living.  In  this  water,  which  contained  sufficient 
quantities  of  nitrates  and  phosphates,  no  other  nutrients  gave,  when 
added,  any  positive  effect  at  all. 

If  the  effect  of  the  soil  extract  is  caused  by  its  content  of  soluble 
iron,  it  must  be  possible  to  replace  the  soil  extract  by  other  soluble  iron 
compounds,  as  Carsten  Olsen  (1929)  did  in  his  experiments  with 
Lemna,  using  ferri-citrate  with  positive  results.  Recently  also  Burk 
and  his  collaborators  (Burk,  Lineweaver,  and  Horner,  1932)  have 
proved  by  exact  experiments  that  the  stimulating  effect  of  soil  extract 
on  Asotobacter  is  caused  by  its  content  of  soluble  iron. 

My  previous  experiments  to  replace  the  soil  extract  by  other  iron 
compounds  were  not  very  successful.  Oxyhaemoglobin  or  ferrisacchar- 
ate  gave  no  positive  effect,  and  the  effect  of  ferricitrate  or  ferrosulphate 
was  too  small  in  comparison  with  that  of  the  soil  extract,  possibly  be- 
cause these  compounds  were  too  quickly  decomposed  or  oxidized  in  sea 
water. 
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At  Woods  Hole  Dr.  Waksman  kindly  gave  me  an  opportunity  to 
test  his  synthetic  ferri-ligno-proteid  (\Yaksman  and  Iyer,  1932)  which, 
according  to  his  great  experience,  may  be  regarded  as  identical  with  the 
essential  components  of  "  humus  "  and  which  at  least  has  the  same 
biological  and  chemical  react  inns. 

For  the  experiments  clean,  glass-stoppered  bottles  of  130  cc.  inner 
volume  were  rilled  from  the  same  container  with  sea  water  of  known 
plankton  content,  and  suspended  in  the  harbor  at  a  depth  of  1.5  meters. 

To  the  bottles  was  added  : 

(1)  No  addition  (3  bottles). 

(2)  1  cc.  of  a  solution  containing  0.1  per  cent  KXO.,  and  0.01  per  cent 

Xali,  PO4  (3  bottles). 

(3)  The  same  as  (2)  +  1  cc.  of  garden  soil  extract  (1  liter  garden  soil, 

boiled  in  autoclave  with  1  liter  distilled  water,  then  filtered,  and 
the  filtrate  sterilized  in  autoclave)    (3  bottles). 

(4)  The  same  as   (2)  -(-0.1  cc.  of  a  solution  of   100  ing.  ferri-ligno- 

protein  in  500  grams  water  (3  bottles). 

TABLE  XI 

Culture  Experiment  I.  \Yuods  Hole,  July  23-26.  Temperature,  20°-22°. 
Surface  water  taken  outside  the  harbor. 


Nitrate, 

p 

Diatoms 

Before 
experiment 

Without 
addition 

Nitrate 
and 
Phosphate 

Nitrate, 

Phosphate, 
and  Soil 

Phosphate, 

and   Fcrri- 
ligno- 

protein 

(1) 

(2) 

(3) 

(4) 

cells  per  cc. 

cells  per  cc. 

cells  per  cc. 

cells  per  cc. 

cells  per  cc. 

Chattoceros  compressus 

2 

1 

2-U 

310 

415 

Leptocylindrus  danicus  .... 

13 

16 

466 

7"J 

628 

.\iizschia  delicatissima  

28 

58 

957 

595 

789 

The  first  experiment  was  made  on  July  23  with  surface  water  taken 
outside  the  harbor  of  Woods  Hole.  This  water  was  rather  rich  in 
diatoms,  and  then  fore  the  bottle-  were  suspended  for  only  three  days, 
until  July  26,  and  their  content  preserved  with  formalin  for  counting. 
The  water  originally  contained  per  cubic  centimeter  22  cells  of  Rhizo- 
solcnia  calcar  aris.  24  of  A'.  Shnthsulci.  2  Cluctoccros  compressus,  13 
Leptocylindrus  dtiuicus,  28  .Y//.:.s-<  /;/</  delicatissima  and  some  other  spe- 
cies  in  very  small  numbers.  The  two  first-named  species  did  not  grow 
well  in  the  bottle-:  for  the  othei  three  the  average  number  per  cubic 
i  entimeter  i-  given  in  Table  XI. 

The  re-ult  is  clear.     Without  addition  of  nutrients  the  diatoms  had 
not    propagated    at   all.    but    the   addition    of    nitrate   and    phosphate,    in 
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quantities  found  under  optimal  conditions  in  nature,  was  enough  to 
stimulate  them  to  a  growth  about  equal  to  the  maximal  growth  observed 
for  plankton  diatoms,  corresponding  to  seven  divisions  in  three  days  for 
Chatoceros  coinprcssiis  and  five  to  six  divisions  for  the  other  species. 
The  extra  addition  of  soil  extract  or  of  the  ferri-ligno-protein  had  no 
marked  effect.  If  the  stimulating  effect  of  the  soil  extract  depends  upon 
its  iron  content,  the  conclusion  must  be  that  the  harbor  water  used  for 
the  experiment  contained  more  than  enough  of  soluble  iron,  while  at  the 
same  time  its  content  of  nitrate  or  phosphate  has  been  the  limiting  factor 
for  further  growth  of  the  diatoms. 

The  experiment  needed  to  be  repeated  with  more  oceanic  water 
which,  according  to  the  theory,  should  contain  less  soluble  iron  if  these 
compounds  are  renewed  by  outwash  from  shore.  Therefore,  on  the  last 
night  of  the  cruise  of  the  "  Atlantis,"  the  fifth  of  August,  a  large  water 
sample  was  taken  from  the  surface  off  Nantucket  Lightship  and  a  new 
experiment  arranged  the  next  day.  The  same  plan  as  before  was  fol- 
lowed, except  that  to  the  bottles  of  series  (4)  was  also  added  MnClo, 
corresponding  to  10  mg.  Mn  per  cubic  meter.  The  water  was  rather 
poor  in  plankton.  It  contained  six  cells  per  cubic  centimeter  of 
Rhisosolenia  alata  and  0.4  cells  per  cubic  centimeter  of  Nitssch.ia  seriata. 
Leptocytindrus  damcus  must  have  been  present  to  the  number  of  0.1 
cells  per  cubic  centimeter,  although  it  was  not  found  by  counting  a 
sample  of  10  cc.  The  character  of  the  plankton  was  rather  similar  to 
what  was  found  at  Station  1336  on  Georges  Bank. 

The  species  reacted  in  different  ways  to  the  addition  of  the  nutrients. 
Rhizosolenia  alata,  which  is  an  oceanic  species,  had  in  five  days  without 
extra  nutrition  grown  to  make  up  a  population  of  about  the  same  density 
which  was  found  at  the  innermost  station  on  Georges  Bank,  Station 
1334.  With  nitrate  and  phosphate  it  had  grown  very  much  more.  The 
increase  corresponds  to  six  cell  divisions  in  five  days,  which  I  have  found 
to  be  the  maximal  growth  rate  for  this  species.  The  extra  addition  of 
soil  extract  or  ferri-ligno-protein  did  not  give  any  further  effect. 

The  typical  neritic  species,  Lcptocylindrus  danicus,  reacted  other- 
wise. With  addition  of  nitrate  and  phosphate  alone  it  increased  from 
one  to  130,  which  corresponds  to  seven  divisions  in  five  days,  one  cell 
division  more  than  Rhizosolcnia.  But  with  soil  extract  it  increased  to 
a  number  ten  to  eleven  times  higher,  and  with  Waksman's  compound 
and  MnCU  twenty-five  fold.  With  soil  extract  it  averaged  ten  to 
eleven  cell  divisions  in  five  days,  and  with  ferri-ligno-protein  eleven  to 
twelve  divisions.  The  effect  of  the  synthetic  "  humus  "  seems  to  be 
quite  similar  to  that  of  the  soil  extract. 

Nitsschia  seriata  also  showed  some  effect  of  the  soil  extract  and  of 
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the  ferri-ligno-protein,  but  less  marked  than  Lcf>tocylindrus.  In  its 
distribution  it  is  not  so  Mnm-ly  limited  to  the  coastal  waters  as  Lepto- 
cylindrns.  It  is  one  of  the  very  few  motile  species  among  the  plankton 
diatoms,  which  may  perhaps  give  the  explanation  of  its  relatively  good 
growth  in  the  bottles  without  added  nutrition. 

\Ye  intended  to  continue'  the  experiments  and  to  u-e  for  comparison 
also  ligno-protein  without  iron,  but  had  no  opportunity  to  get  water  of 
sufficiently  oceanic  character.  A  third  experiment  gave  results  parallel 
to  those  of  the  first,  a  maximal  effect  of  nitrate  and  phosphate  alone  and 
no  extra  effect  of  the  iron  compounds. 

The  results  published  here  are  not  conclusive  and  the  experiments 
should  In1  repeated  when  opportunity  arises.  The  method  is  practicable 
where  water  with  living  plankton  can  be  brought  in  from  oceanic  situa- 
tions. 

Tin-  <|nrstmn,  whether  the  presence  of  soluble  iron  compounds  in 
sufficient  quantities  can  be  a  limiting  factor  to  the  growth  of  the  plankton 

TABLE  XII 

Culture  'Experiment  2.  Woods  Hole,  August  6  11,  1(>.>2.  Trmpcr.it  ure  20  22°- 
Water  taken  off  Nantucket  Lightship  on  the  night  of  August  5. 


Nitrate, 

Diatoms 

Before 

experiment 

Without 
Addition 

Nitrate, 
Phosphate 

Nitrate, 

PllOSpi.il'. 

and  Soil 

I'ln  IS] 
ferrilisno- 
protein,  and 

M.innanese 

(1) 

(2) 

(3) 

(4) 

cells  per  cc. 

fells  per  cc. 

cells  per  cc. 

cells  per  cc. 

cells  per  cc. 

Kliizasoli'm'tt  iilntii 

6 

29 

403 

Kid 

47S 

.\itzscliiti  seriata  

0.4 

36 

365 

1109 

769 

Leptocylindrus  danicus  .  .  .  . 

0.1 

1 

13 

150 

335 

The  diatoms  were  quite  normal  in  all  cultures;  in  some  bottles  they  had  even 
formed  auxospores.  The  figures  represent  averages  of  three  parallel  cultures. 

diatoms,  and  particularly  of  the  species  with  the  most  rapid  growth  rates, 
ran  not  be  .solved,  of  course,  until  we  also  have  more  data  about  the 
distribution  of  the  -olublc  iron  compounds  in  the  sea. 

In  collaboration  with  Dr.  \Yaksman  and  Dr.  l\eus/er  a  preliminary 
experiment  was  also  arraniH  d  to  follow  the  relation  of  the  marine  hac- 
I'-ria  to  the  plankton  diatoms. 

A  series  of  bottles  tilled  with  sea  water  taken  at  the  surface  outside 
the  harbor  of  \Yoods  Mole  were  suspended  jn  the  sea  in  the  same  way 
as  di-M-ribed  above.  To  s,,ine  of  them  was  added  nitrate  and  phosphate 
in  the  same  relation  as  in  Kxperimeiits  1  and  2.  while  the  others  were 
l'-ft  without  any  addition  of  nutrients.  Mottles  were  taken  to  be  studied 
with  regard  to  their  content  of  plankton  and  bacteria  after  three,  seven 
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and  twelve  days.  The  water  was  rather  rich  in  plankton  beforehand, 
and  the  number  did  not  increase  in  the  bottles  without  nitrate  and  phos- 
phate. As  shown  in  Table  XIII,  the  plankton  in  the  fertilized  bottles 
had  increased  after  three  days  to  a  maximal  density.  Most  of  the  spe- 
cies were  still  in  good  condition  and  normally  suspended  in  the  water. 
After  seven  days  most  of  the  species  had  decreased  in  number,  and  dead 
cells  formed  lumps  at  the  bottom  of  the  bottles. 

The  bacteria  increased  and  decreased  with  the  diatoms,  as  Waksman 
and  his  collaborators  report  (in  the  paper  following  this  one).  The 
high  temperature  may  have  been  one  of  the  causes  accelerating  the  de- 
crease of  the  plankton  after  the  maximum.  Waksman's  interesting  idea 
of  the  correlation  between  the  plankton  and  the  bacteria  can  perhaps  be 
studied  favorably  in  experiments  like  this,  in  which  the  water  is  poor  in 
plankton  from  the  beginning  and  therefore  the  conditions  in  the  bottles 

TABLE  XIII 

Culture  Experiment  4.  August  18-30,  1932.  Nitrate  and  phosphate  as  in 
Experiment  1  (2). 


Diatoms 

Before 
experiment 

After  3  days 

7  days 

12  days 

Chaetoceros  compressus 

cells  per  cc. 

16 

cells  per  cc. 
95 

cells  per  cc. 
18 

cells  per  cc. 
57 

("oscinosira  CEstrupi  

11 

62 

6 

3 

Leptocylindrus  danicus  

11 

86 

5 

o 

Nitzschia  seriata 

65 

468 

65 

31 

Rhizosolenia  calcar  avis  

2 

0 

0 

o 

Rhizosolenia  delicatula  

36 

32 

7 

o 

Rhizosolenia  fragilissima. 

21 

84 

37 

o 

Rhizosolenia  setigera. 

6 

6 

21 

97 

Rhizosolenia  Shrubsolei  
Skeletonema  costatum         

1 

(0) 

0 
139 

0 
3 

0 
9 

Thalassiothrix  nitzschioides  

2 

16 

0 

0 

Other  species  

6 

38 

16 

38 

Sum  

177 

1026 

178 

165 

can  be  kept  normal  for  some  days.     When  some  of  the  diatoms  begin  to 
die  too  many  unknown  factors  are  introduced. 

REMARKS  ON  THE  SPECIES 
Heterocontce 

Halosphccra  viridis  Schmitz  is  the  only  annual  plant  of  the  phyto- 
plankton,  as  far  as  known.  It  has  never  been  observed  to  occur  in  such 
an  abundance  as  to  be  found  in  great  numbers  in  the  centrifuged  \vater 
samples.  Young  specimens  were  found  at  Station  1330  at  20  meters 
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depth  in  a  number  of  340  per  liter,  and  at  Station  1333  it  was  observed 
in  all  samples  from  the  surface  to  50  meters,  with  a  maximum  of  140 
per  liter  at  20  meters.  Single  specimens  were  observed  at  Stations  1332, 
1334,  and  1336. 

Coccolithophorida 

CoccohtJms  pelagicus  \Yallich  was  observed  at  the  three  stations  in 
the  inner  part  of  the  Gulf  (1329-1331)  and  at  Station  1336  on  Georges 
Bank.  Its  maximum  of  frequency,  220  cells  per  liter,  was  found  at 
Station  1330  near  the  surface,  1-10  meters.  At  Station  1336  it  oc- 
curred in  all  samples  from  20  meters  downwards,  with  a  maximum  of 
100  at  40  meters  depth. 

Pontosphara  Hu.vlcyl  Lohmann  is  the  most  common  of  all  the  Coc- 
colithophorida. Although  it  is  an  oceanic  species  it  can  occur  in  enor- 
mous numbers,  millions  per  liter,  in  coastal  waters  also,  where  the  tem- 
perature is  sufficiently  high.  As  the  table  shows,  it  was  found  over  the 
whole  area,  distinctly  more  abundant  at  the  deeper  stations  in  the  Gulf 
than  on  Georges  Bank,  with  a  maximum  of  frequency  of  37,000  per 
liter  at  Station  1330. 

Silicoflagellata 

The  few  species  of  this  order  have  a  wide  distribution  but  never 
occur  in  abundance. 

Dictyocha  fibula  Ehrenberg  was  observed  at  two  stations  in  the 
Gulf  and  at  three  stations  over  Georges  Bank,  nowhere  in  higher  num- 
bers than  80  per  liter. 

Distephanus  speculum  Ehrenberg  is  a  more  northern  species,  which 
\vas  observed  only  at  Station  1331,  together  with  the  maximum  of 
neritic  diatoms,  most  abundant  (120  per  liter)  at  30  meters  depth,  and 
at  Station  1336. 

Diatoms 

In  temperate  and  arctic  waters  the  diatoms  make  up  the  bulk  of  the 
phytoplankton  where  the  nutrient  salts  arc1  present  in  sufficient  quan- 
tities Some  of  them,  particularly  the  neritic  species,  as  Slcclcloiicina 
costntitin,  CJuctoccros  dcbilis,  C.  comprcssHS.  and  others.  f.c^ttn-\'lintirns 
iltinicns.  Tlialassiosira  Nordenskiceldii,  are  able  to  reproduce  themselves 
under  favorable  conditions  very  quickly,  with  up  to  two  cell  divisions 
per  day.  Also  some  oceanic  species,  as  Rhizosolcnia  alula  and  J\. 
st'inispiua,  Chcetoceros  dccipii'iis.  .Y //.:.•  .\r/;/</  scriatti.  and  A',  dclicatissiuui 
can  form  vet)  dense  populations,  but  their  propagation  seems  to  be  less 
rapid  than  that  of  the  neritic  ones  mentioned  above.  Other  species  as, 
e.g..  the  large  Cnsci>i<xlist:t.<.  can  be  very  commonly  distributed  but  never 
SO  abundant  that  more  than  a  few  specimens  are  found  by  centrifuging 
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50  cc.  of  sea  water.  A  number  of  littoral  species  occur  so  regularly 
in  the  plankton  that  they  have  to  be  reckoned  with  as  signs  of  turbulence 
of  the  water,  although  their  number  is  quite  insignificant  in  comparison 
with  the  true  pelagic  species.  It  is  rather  remarkable  that  only  some 
few  out  of  the  great  number  of  littoral  species  are  found  regularly  in 
the  plankton,  as  in  our  material  Actinoptychus  nndulatus,  Navicula 
distans,  Plcurosigina  Nonuani,  and  I'aralia  sitlcata.  They  may  perhaps 
even  propagate  to  some  extent  in  the  floating  condition. 

Actinocydus  Ehrcnbcryii  Ralfs.  This  species  was  observed  at  three 
stations  in  the  central  part  of  the  Gulf  (1329-1331)  and  at  all  stations 
on  Georges  Bank  (1334-1336).  Here  it  was  found  in  all  depths  from 
20  meters  to  the  bottom  in  numbers  of  up  to  300  per.  liter  at  Station 
1336,  at  30  meters  depth.  Its  heavy,  thick-walled  cells  are  more 
often  found  in  greater  depths  than  in  the  surface  layers,  and  it  is  in  my 
opinion  a  characteristic  representative  of  the  "  shade-flora  "  of  Schimper 
(Karsten,  1905).  Ostenfeld  (1913)  regarded  it  as  a  littoral,  "  tycho- 
pelagic  "  species. 

Actinoptychus  uiiditlatits  Ehrenberg  was  observed  as  single  speci- 
mens at  all  stations  on  Georges  Bank.  It  is  without  doubt  a  littoral 
species. 

Ccrataulina  Bcrgonii  H.  Peragallo.  This  neritic  species  had  a  small 
maximum  in  20  to  30  meters  depth  at  Station  1331  (160  to  180  per  liter) 
together  with  the  neritic  Chatoccros  species.  Single  specimens  were 
also  observed  at  Stations  1330,  1332,  and  1336. 

ClitTtoccros.  Eleven  species  of  this  genus  were  observed.  All  of 
them  except  the  oceanic  species  Ch.  atlanticus  occurred  and  had  their 
maximum  at  Station  1331  (see  Table  II)  at  30  to  40  meters  depth  as 
remains  of  a  more  abundant  growth  earlier  in  the  season.  At  30  meters 
the  high  nitrate  content  of  the  water  may  have  caused  some  increase, 
but  at  40  meters  many  of  the  species  had  formed  resting  spores  and 
were  evidently  sinking.  At  Station  1329  the  situation  was  similar  but 
less  pronounced.  Here  only  the  two  most  common  species,  Ch.  coin- 
pressHS  and  Ch.  constrictus  occurred  in  small  numbers  (120  to  260  per 
liter),  the  former  with  resting  spores. 

On  Georges  Bank  the  oceanic  species  Ch.  atlanticns  and  particularly 
Ch.  dccipiciis  occurred  at  the  two  outer  stations,  1335  and  1336, 
Ch.  atlanticns  very  scarce  in  a  few  samples  (60-80  per  liter),  Ch.  dc- 
cipiens  in  all  samples  except  at  the  surface,  in  numbers  up  to  340  per 
liter  at  20-30  meters  at  Station  1335.  Here  also  the  neritic  species  Ch. 
conipressus  and  hiciniosus  were  found  in  small  numbers,  mostly  with 
resting  spores. 

The  species  found  in  the  material  were:  Ch.  affinis  Lauder,  Ch.  at- 
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Iiinticiis  Cleve,  Cli.  borcalis  Bailey,  Ch.  cojnpressns  Lander,  Ch.  con- 
sfrictus  Gran,  Ch.  convolutus  Castracane,  Ch.  dcbilis  Cleve,  Ch.  dccipicns 
('leve.  Ch.  diadema  Ehrenberg,  Ch.  laciiiiosits  Schuett,  Ch.  radicans 
Schuett.  Ch.  tercs  Cleve. 

Corcthron  hystri.v  llenscn  occurred  in  small  numbers  at  Stations 
1330  and  1331.  \vith  a  maximum  of  180  per  liter  at  30  meters  depth  at 
Station  1331. 

Coscinodisciis.  The  centrifuge  method  cannot  give  a  good  picture 
of  the  distribution  of  the  larger  species  of  this  genus,  as  the  quantity  of 
water  (50  cc.)  is  too  small.  C.  cent  rails  Ehrenberg  was  observed  at 
Station  1330,  C.  raduitits  Ehrenberg  at  Stations  1331  and  1330,  but  only 
as  single  specimens.  C.  cxccntricus  Ehrenberg  was  found  more  regu- 
larly, at  all  stations  except  1329  and  1332.  It  seemed  to  be  more  com- 
mon over  Georges  Bank  than  in  the  deeper  parts  of  the  Gulf,  with 
maximum  records  of  SO  per  liter  at  30  meters  depth  at  Stations  1334  and 
1336. 

Coscinosira  (Estrupi  Ostenfeld  occurred  regularly  at  all  stations,  less 
abundant  on  Georges  Bank  than  in  the  inner  part  of  the  Gulf,  and  with 
a  maximum  of  abundance  1800  per  liter  at  Station  1331.  at  30  meters 
depth,  together  with  the  maximum  of  the  neritic  Cha-toccros  species. 
This  little  species  of  which  Hustedt  (1927-30,  p.  317)  recently  has 
given  excellent  figures  and  description,  is  one  of  the  very  few  repre- 
sentatives of  the  plankton  of  the  western  side  of  the  North  Atlantic, 
which  is  lacking,  or  at  least  very  rare  along  the  European  coasts. 

Guinardia  flacc'uia  H.  Peragallo  was  dominating  in  the  plankton  of 
Georges  Hank  in  July.  1013  and  1014  i  I'.i-elow.  lojtf).  It  occurred 
also  in  August  1('32  at  all  stations  on  the  Bank,  but  not  in  threat  num- 
bers, and  with  its  abundance  increasing  toward  the  bottom,  as  shown 
by  Table  XIV.  Guinardia  was  not  observed  in  the  deeper  parts  of  the 

Gulf. 

Leptocylindrus  ihinicns  ( "leve  (see  Table  Ylll)  occurred  regularly 
at  all  stations  on  (  it-or^es  IJank  from  20  meters  to  the  bottom,  with 
maximum  at  20  meters  depth  at  all  three  stations.  It  was  also  found 
in  small  numbers  at  Station  1331  together  with  the  Chcetoceros-planktOQ 
and  in  traces  at  Stations  1330  and  1333. 

Leptocylindrus  minimus  '  iran  was  observed  in  small  numbers,  up 
to  MO  per  liter  at  Stations  1334-1 33d  on  Georges  I'.ank.  at  20-30  meters 
depth. 

:>  uld  ilisliins  \Y.  Smith  was  observed  as  single  specimens  at  Sta- 
tions 132''  and  1335.  At  Station  1336  on  Georges  Bank  it  was  found  in 
all  samples  from  10  meters  to  the  bottom.  It  is  a  littoral  species  with 
thick  cell  walls. 
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Nitzschia  closlcrhini  W.  Smith.  Single  specimens  at  Stations  1329 
and  1336. 

NitsscJiia  delicatissima  Cleve  occurred  regularly  at  all  depths  from 
20  meters  to  the  bottom  at  Stations  1334—1336  on  Georges  Bank,  but  in 
very  small  numbers,  up  to  480  per  liter.  At  Stations  1329  and  1330 
traces  were  observed. 

Nitzschia  seriata  Cleve  occurred  as  well  in  the  inner  part  of  the  Gulf 
as  on  Georges  Bank,  with  a  maximum  of  1440  per  liter  at  Station  1334. 

Paralia  sulcata  (Ehrenberg)  is  another  littoral  species,  which  was 
found  as  scattered  chains  at  Stations  1332-1336  in  the  deeper  layers  of 
water. 

Plcnrosigma  Norrnani  Ralfs  was  observed  in  nearly  every  sample 
from  Georges  Bank,  rather  evenly  distributed  from  the  surface  to  the 

TABLE  XIV 
Guinardia  ftaccida,  August  4-5,  1932 


Stations 

1334 

1335 

1336 

cells  per  liter 

cells  per  liter 

cells  per  liter 

1 

— 

— 

— 

10 

— 

— 

— 

Depth 

20 

— 

— 

20 

in 

30 

—  - 

— 

160 

meters 

40 

— 

20 

40 

50 

40 

140 

300 

60 

100 

220 

340 

bottom,  as  a  sign  of  the  turbulence.  In  a  sample  of  50  cc.,  from  one  to 
eleven  cells  were  counted  (Table  VII). 

Rhisosolenia  alata  Brightwell  was,  in  accordance  with  Bigelow's  ob- 
servations in  previous  years,  the  most  common  diatom  at  this  season  over 
the  whole  area  and  occurred  at  all  stations,  subordinate  to  the  Ccratia  in 
the  stratified  waters  in  the  deeper  part  of  the  Gulf,  but  dominant  on 
Georges  Bank.  Here  it  was  distributed  rather  evenly  from  surface  to 
bottom  with  a  slight  maximum  at  20  to  30  meters  depth.  At  Station 
1334  at  the  inner  side  of  the  Bank  the  population  was  quite  dense,  with  a 
maximum  of  nearly  50,000  cells  per  liter. 

Rhisosolenia  frayilissima  Bergon  (including  R.  fccroensis  Osten- 
feld),  a  neritic  species  which  sometimes  occurs  in  abundance,  was  ob- 
served only  at  Station  1331  at  30  meters  depth  in  quite  small  numbers, 
together  with  the  maximum  of  neritic  Cluztoceros  species. 
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Rhisosolcnia  Shnibsolci  Brightwell  occurred  together  with  R.  alata, 
as  it  often  does,  hut  in  much  smaller  numbers.  On  Georges  Bank  it 
was  found  evenly  distributed  from  the  surface  to  the  bottom,  in  num- 
bers up  to  800-900  per  liter.  In  the  deeper  part  of  the  Gulf  it  was  much 
less  frequent  and  was  limited  to  the  layers  between  20  and  40  meters 
depth. 

Rhizosolenia  stvlifonnis  Brightwell.  This  large  and  beautiful 
oceanic  diatom  had  the  same  distribution  as  Rh.  Shnibsolci,  but  occurred 
in  smaller  numbers.  The  highest  frequency  observed  was  520  per  liter 
at  Station  1335  at  60  meters  depth,  but  as  a  rule  the  number  counted 
was  only  200  per  liter  or  less. 

Rhizosolenia  sctnjcra  Brightwell  is  a  neritic  species  which  was  ob- 
served only  in  quite  small  numbers  on  Georges  Bank,  less  than  100  per 
liter. 

Skeletonema  costatnni  (Greville).  Single  chains  were  observed  at 
Stations  1331  and  1334. 

Thalassiosira  dccipicns  (Grunow)  was  observed  quite  rarely  between 
40  and  50  meters  depth  at  the  first  two  stations  (1329-1330). 

Thalassiosira  gravid  a  Cleve  occurred  at  most  of  the  stations  but  was 
quite  scarce.  The  highest  number  observed  was  140  per  liter  at  Station 
1329,  50  meters  depth. 

Thalassiothrix  lonc/issiina  Cleve  and  Grunow  occurred  rather  evenly 
on  Georges  Bank,  particularly  at  Station  1334,  where  it  reached  a  maxi- 
mum of  160  per  liter  at  40  meters.  It  is  regarded  as  a  subarctic  oceanic 
species. 

Thalassiothrix  nitzschioides  Grunow  was  only  observed  on  Georges 
Bank  but  occurred  there  evenly  distributed  from  surface  to  bottom  in 
numbers  from  200  to  1200  cells  per  liter. 

Dinoflagellata 

Ccrutiuin.  The  species  of  this  genus  are  by  far  the  most  important 
among  the  Dinoflagellata  of  the  North  Atlantic.  They  are  oceanic,  but 
are  often  found  in  greater  abundance  in  semi-coastal  areas  as  the  North 
Sea.  the  Gulf  of  Maine,  and  the  Gulf  of  St.  Lawrence  than  in  pure 
oceanic  waters.  Here  they  usually  begin  to  dominate  the  phytoplankton 
n  as  the  waters  become  stratified,  after  the  spring  growth  of  the 
diatoms  has  finished.  They  succeed  each  other  according  to  their  tem- 
perature requirements.  C.  arcticinn  and  C.  /0m///v.v  dominate  in  the 
lir-t  part  of  the  season,  followed  by  C.  fnsus  and  tripos. 

In  the  Gulf  of    Maine  ( '.  fitsiis  was  the  dominating  species  in  the 

nning  of    Vugusl   (Table  IX  )  in  the  stratified  waters.      Its  maximum 

of  5OO  f>0()  per  liter  \va>  found  just  at  the  depth  where  the  values  for 
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saturation  with  oxygen  were-  maximal  and  the  life  conditions  optimal  for 
the  phytoplankton,  at  20  to  30  meters  depth.  Two  other  species,  C. 
longipcs  and  C.  bucepJialmn,  were  also  rather  abundant  at  the  same  sta- 
tions (Tables  III  and  IV)  but  their  maxima  were  found  deeper  down, 
40-50  meters  depth,  evidently  below  the  depth  of  the  optimal  conditions 
for  photosynthesis,  as  the  water  at  these  depths  was  not  saturated  with 
oxygen.  Other  observations,  from  the  investigations  of  the  Interna- 
tional Passamaquoddy  Fisheries  Commission,  show  that  these  two  spe- 
cies were  dominating  not  far  from  the  localities  where  our  stations  were 
taken,  one  month  earlier,  in  the  beginning  of  July.  One  may  conclude 
that  they  have  sunk  into  deeper  layers  after  their  main  growth  period 
was  ended  and  they  were  succeeded  by  C.  fusits.  From  my  experiences 
on  European  coasts  it  is  astonishing  to  find  C.  buccphahiui  early  in  the 
season  together  with  C.  longipcs,  as  we  used  to  find  its  maximum  in 
September,  together  with  that  of  C.  furca  which  I  have  not  observed 
at  all  in  the  Gulf  of  Maine. 

Besides  these  species  C.  arcticum  was  found  in  small  numbers  at  Sta- 
tion 1329,  from  20  to  50  meters  depth. 

Ccratiurn  tripos  (O.  F.  Mueller)  occurred  at  the  same  stations  as 
C.  fitsus,  and  at  the  same  depths,  but  less  abundantly.  Its  maximum 
was  found  at  20  meters  at  Station  1331,  with  280  per  liter. 

Ccratimn  liiicahun  (Ehrenberg)  seems  to  be  more  neritic  than  the 
other  species.  It  was  found  at  the  surface  at  Station  1331  in  the  num- 
ber of  240  per  liter,  and  on  Georges  Bank  it  occurred  at  all  stations, 
rather  evenly  distributed  with  regard  to  the  depth,  with  a  maximum  of 
150  per  liter  at  Station  1336,  at  10  meters  depth. 

Dinophysis  acuuiinata  (Claparede  and  Lachmann)  was  observed  as 
single  specimens  at  two  stations,  1329  and  1334. 

Dinophysis  norvegica  Claparede  and  Lachmann  was  also  quite  scarce. 
Single  cells  were  observed  at  four  stations,  in  seven  samples. 

Exuvicella  baltica  Lohmann  occurred  at  all  stations  with  its  maximum 
near  the  surface.  The  highest  number  counted  was  480  per  liter  at  10 
meters  depth  at  Station  1335.  In  coastal  waters  it  can  sometimes  be 
found  in  much  greater  numbers. 

Gonyaulax  oricntalis  Lindemann.  This  species,  described  also  by 
Miss  Lebour  (1925,  p.  93)  seems  to  be  rather  common.  Rather  few 
vegetative  cells  were  found,  but  a  number  of  globular  thick-walled  cysts, 
containing  chromatophores  and  oil  drops.  Some  of  them  were  in  cell 
division,  and  two  naked  cells  escaped  which  developed  into  Gonyaula.v 
cells.  They  were  rather  abundant  in  the  inner  part  of  the  Gulf  in  depths 
from  10  to  30  meters,  with  a  maximum  of  1340  at  Station  1331,  but  less 
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common  on  Georges  Bank.  The  diameter  of  the  cysts  was  from  45  to 
'4/1.  the  thickness  of  their  cell  wall  1.5  p. 

Gonyaula.r  s^inifo^r  (  I'laparede  and  Lachniann')  was  rare  in  the 
deeper  part  of  the  Gulf.  At  Station  1329  80  cells  per  liter  were  found 
as  a  maximum. 

Oxytoxum  gracilc  Gran  (192''.  p.  45).  Single  specimens  were  ob- 
served at  two  stations  (1330  and  1332). 

Oxytoxum  rcticulatum  (Stein).  One  specimen  of  this  rare  oceanic 
species  was  observed  at  Station  1332  at  20  meters  depth. 

Peridinium 

The  marine  species  of  Peridinium  (exclusive  of  Minnscitla  Lebour) 
are  heterotrophic  and  rarely  occur  abundantly  enough  to  be  regularly 
found  in  the  centrifuged  water  samples.  Eight  species  were  observed: 
P.  achromaticum  Levander.  P.  coniciiui  Gran.  P.  hrcripcs  Kofoid,  P. 
depressum  Bailey,  P.  ovatuin  Pouchet,  P.  pclhtciduni  Bergh,  P.  pyri- 
tonnc  Paulsen.  P.  Stcinii  Joergensen.  Of  these  only  P.  Stcinii  and  P. 
o-i'titmn  were  found  in  a  maximum  abundance  of  100  per  liter  or  more, 
both  nf  them  at  Station  1331,  where  seven  of  the  eight  species  were 
found. 

Protoceratiwn  rcticulatinn  Bergh.  one  specimen  at  Station  1329. 

Pyrophacus  horologium  Stein.  This  neritic  and  autotrophic  species 
was  found  at  all  stations  on  Georges  Bank,  but  always  in  small  numbers, 
ii] i  to  n(>  per  liter. 

Infusoria  cilia t a 

Acanthostomella  norrajica  (Daday)  was  observed  in  small  numbers 
at  four  stations  in  the  deeper  part  of  the  Gulf,  with  the  maximum  of  80 
per  liter,  at  Station  1329,  20  meters  depth. 

Favella  denticulata  (Ehrenbcrg).  the  most  common  tintinnid  in  the 
collections,  was  found  at  all  stations,  mostly  in  20  to  30  meters  depth, 
with  a  maximum  of  320  per  liter  at  Station  1329,  20  meters  depth. 

Helicostomella  snbnlata  (  Khrcnbcr^  )  is  a  neritic  species  which  was 
found  exclusively  on  Georges  Hank,  and  here  at  all  stations,  with  the 
maximum  of  220  per  liter  at  Station  1335,  20  meters  depth. 

f.nl'n-,1  I.obmann.  The  species  of  Laha'a  are  not  found  in  the  net 
-ample-,  but  -mne  of  them  which  live  in  symbiosis  with  small  brown 
cell-  can  at  times  occur  rather  abundantly  in  the  centrifuged  water 

nples,  particularly  in  spring  together  with  the  neritic  diatom  plankton. 
In  August  they  were  very  scarce.  /-.  conica  Lohmann  and  L.  strobila 
Lohmann  were  observed  at  Station  1330  from  1  to  10  meters  depth. 
/..  acuminate  Lce^aard  and  /,.  rr.v///<;  Leegaard  at  Station  1335. 
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Lohmanniella  ot'ifonnis  Leegaard  was  observed  in  small  numbers  at 
four  stations,  1331-1333  and  1336.  At  Station  1333  it  occurred  from 
10  to  30  meters  depth  with  a  maximum  of  60  per  liter  at  30  meters. 

LohmaiinlcUa  spiralis  Leegaard.  Single  specimens  were  observed 
at  Stations  1330  and  1334. 

Mesodlmuui  rubrnui  Lohmann  was  quite  scarce  at  this  season.  At 
Station  1335  on  Georges  Bank  about  100  per  liter  were  found  at  1  to 
10  meters  depth,  at  Station  1333  a  single  specimen  at  20  meters. 

Ptychocylis  obtusa  Brandt  was  observed  at  Stations  1329-1331  in 
the  Gulf  and  on  Georges  Bank  at  Stations  1334  and  1335,  with  a  maxi- 
mum of  80  per  liter  at  Station  1331,  30  meters  depth.  A  single  speci- 
men of  Tintinnopsis  campanula  (Ehrenberg)  was  found  at  Station  1335. 

Stenosemella  sp.  occurred  on  Georges  Bank  and  at  Stations  1332- 
1333  with  a  maximum  of  100  per  liter  at  Station  1335,  20  meters  depth, 
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STUDIES   ON    TIIK    I'.IOLOGY    AND   CHEMISTRY   OF  THE 

GULF  OF  MAIXK 

III.     BACTERIOLOGICAL  INVESTIGATIONS  OF  THE  SEA  WATER 

AND  MARINE  BOTTOMS 

SELMAN  A.  WAKSMAN,  H.  W.  REUSZER,  CORNELIA  L.  CAREY, 
MARGARET   HOTCHKISS,  AND   C.  E.   RENN 

WOODS  HOLE  OCEANOGRAPHIC  INSTITUTION  AND  DEPARTMENT  OF  SOIL  MICRO- 
BIOLOGY, NEW  JERSEY  AGRICULTURAL  EXPERIMENT  STATION  * 

In  former  expeditions  undertaken  for  the  study  of  marine  life,  the 
occurrence,  ahundance,  and  activities  of  the  bacteria  were  either  left  out 
entirely,  or  were  based  upon  the  examination  of  samples  of  water 
brought  back  many  days  and  frequently  months  after  they  were  collected. 
The  bacteriological  activities  in  the  sea  bottom  were  frequently  com- 
pletely overlooked.  In  view  of  the  fact  that  the  total  numbers  of  the 
bacteria  as  well  as  the  relative  abundance  of  specific  forms  will  change 
rapidly  soon  after  the  samples  of  water  and  mud  are  exposed  to  sur- 
face temperature,  due  either  to  a  change  in  environmental  conditions  or 
to  a  change  in  food  supply,  it  is  quite  essential  that  the  collected  samples 
should  be  subjected  to  immediate  investigation.  As  a  result  of  these 
considerations,  the  laboratory  on  the  "  Atlantis,"  during  the  cruise  made 
in  August,  1932,  was  so  outfitted  that  it  was  possible  to  carry  out  the 
bacteriological  studies  within  a  few  minutes  or  at  most  hours,  after  the 
samples  of  water,  bottom  mud.  or  sand  were  brought  up  from  their  re- 
spective depths. 

Because  of  the  extensive  hydrographic  and  biological  investigations 
which  have  been  carried  on  in  the  Gulf  of  Maine,  this  region  is  par- 
ticularly well  adapted  to  a  study  of  the  relative  abundance  and  activities 
of  marine  bacteria.  Such  a  study  was  further  aided  by  the  fact  that 
other  biological  and  chemical  investigations  were  carried  on  simultane- 
ously on  this  cruise.  The  locations  of  the  various  stations  at  which 
samples  were  taken  during  this  cruise  are  described  in  the  first  paper  of 
this  series.2  Of  the  eight  stations  studied,  five  were  in  the  Gulf  of 
Maine  proper  and  the  remaining  three  in  the  shallow  waters  over  Georges 

1  Contribution    No.    10    of    the    Woods    Hole    Oceanographic    Institution    and 
Journal  Series   Paper  of  the  New  Jersey  Agricultural  Experiment  Station. 

2  Rakestraw.  Norris  W.,  1933.     Chemistry  of  the  Waters  of  the  Gulf  of  Maine 
in  August,  1932.     Biol.  Bull..  64:  149. 
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Bank.  A  detailed  description  of  the  methods  used  in  these  investigations 
will  be  presented  later,  when  the  l>acteriological  results  of  this  expedi- 
tion will  also  lie  compared  with  those  obtained  from  waters  and  sea 
bottoms  near  shore.  <  >nly  a  brief  summary  of  the  investigations  carried 
out  on  and  in  connection  with  this  cruise  of  the  "  Atlantis  "  will  be  re- 
ported here.  An  attempt  will  be  made  to  interpret  the  results  of  these 
investigations  in  the  light  of  the  chemical  conditions  of  the  waters  and 
nature  of  the  marine  bottom,  a-  well  as  to  correlate  the  results  of  the 
bacteriological  investigations  with  the  results  of  the  chemical  and  plank- 
tonological  >tudies  made  h\  the  other  investigators  on  this  cruise. 

ABUNDANCE  OK   BACTERIA   IN   SKA  \\"ATKR  AND   IN  TIIF. 

SKA  ]'>OTTOM 

The  relative  numbers  of  bacteria  in  the  sea  are  usually  determined 
bv  means  ot  the  plate  method.  This  method  has  numerous  limitation- 
and  can  at  best  give  only  a  very  approximate  idea  of  tin-  actual  abundance 
of  the  bacteria,  both  in  the  water  and  in  the  sea  bottom.  Although  new 
methods  have  been  introduced  recently,  consisting  in  direct  staining  of 
the  bacteria  in  the  water,  after  they  have  been  concentrated  by  filtration 
or  centrifuging.  these  methods  are  still  in  an  experimental  stage  and 
were  not  used  on  this  expedition.  If  the  various  limitations  of  the  plate 
method  are  kept  in  mind  and  if  broad  generalizations  are  avoided,  the 
results  obtained  even  by  this  procedure  can  be  made  to  throw  consider- 
able light  upon  the  relative  abundance  and  nature-  of  the  bacterial  popu- 
lation of  the  sea. 

The  numbers  of  bacteria  were  determined  in  the  water  from  the  dif- 
ferent stations  at  three  different  depths,  namely,  the  surface,  50  meters 
and  the  bottom.  At  one  station,  water  from  two  additional  depths  of 
.SO  and  100  meters  was  also  investigated.  The  surface  samples  were 
taken  with  ordinary  sterili/ed  and  evacuated  glass  tubes  provided  with 
a  sealed  glass  tip  which  was  broken  about  one  foot  below  the  surface  of 
the  water.  I  )ccper  samples  were  taken  in  heavier  walled  glass-  tube- 
having  a  specially  constricted  neck  to  prevent  the  rubber  stopper  being 
furred  into  the  tube  bv  the  pressure  of  the  water.  The  inlet  tube  in  this 
ease  was  made  of  a  capillarv  glass  tube  having  a  1  mm.  bore.  Tubes  of 
this  type  were  Used  sueeessfullv  to  a  depth  of  .vv )  meters  but  the-  lower 
limit  of  their  usefulness  has  not  yet  been  determined.  Mud  samples 
were  taken  by  means  of  a  sampler  consisting  essentially  of  a  brass  tube 
earrving  a  weight  sufficient  to  force  it  some  distance  into  the  mud  when 
the  bottom  is  reached.  Into  the  brass  tube  is  fitted  a  glass  tube  having 
a  check  valve  attached  to  its  upper  end.  This  allows  water  to  stream 
through  the  tube  during  it-  descent.  \Yhile  raising  the  sampler  the 
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valve  closes  and  prevents  any  downward  pressure  upon  the  mud  core 
within.  By  sterilizing  the  glass  tube  before  use  it  is  possible  to  eliminate 
any  bacterial  contamination  of  the  mud  sample  other  than  the  contamina- 
tion of  the  walls  of  the  glass  tube  by  the  water  passing  through  it  while 
descending.  This  may  be  easily  eliminated  by  taking  the  sample  to  be 
studied  from  the  center  of  the  core  and  discarding  the  surface  which  has 
been  in  contact  with  the  glass  tube. 

The  water  was  plated  undiluted  and  diluted  10  times,  while  the  mud 
was  plated  in  dilutions  of  1  :  10.  1 :  100  and  1  :  1000.  Previous  experi- 
ments, which  will  be  reported  elsewhere,  have  shown  that  the  following 
medium  is  satisfactory  for  the  development  of  marine  bacteria,  capable 
of  growing  on  the  ordinary  plate: 

Agar    15  grams 

Glucose   1  gram 

Peptone    1  gram 

KoHPO,     0.05  gram 

Sea    water    1000  cc. 

TABLE  I 
Abundance  of  bacteria  in  sea  water.     Total  numbers  in  1  cc.  of  water. 


Station  Number 

1329 

1330 

1331 

1332 

1333 

1334 

1335 

1336 

Total  depth  of  water,  meters 

256 

207 

230 

346 

230 

71 

74 

64 

Surface 

10 

•> 
%> 

4 

2 

380 

16 

92 

6 

Depth  of 

30 

0 

sample, 

50 

1 

1 

2 

1 

2 

meters 

100 

1 

Bottom 

6 

0 

1 

I 

3 

25 

41 

27 

The  plates  were  incubated  at  air  temperature  and  the  colonies  counted 
at  the  end  of  7  and  10  days.  All  the  samples  of  water  and  mud  were 
plated  out  within  a  few  minutes  after  being  taken. 

The  total  numbers  of  bacteria  in  the  water,  as  determined  by  the 
plate  method,  are  given  in  Table  I.  With  respect  to  their  bacterial  con- 
tent, the  stations  may  be  divided  into  two  groups,  the  first  containing  the 
five  deep  water  stations  and  the  second  the  three  shallow  stations.  With 
the  exception  of  the  surface  water  of  Station  1333,  the  bacteria  in  the 
water  of  the  first  group,  namely.  Stations  1329  to  1333  inclusive,  were 
uniformly  so  extremely  low  in  number,  that  it  is  difficult  to  draw  reliable 
conclusions  in  regard  to  their  distribution.  It  would  seem,  however,  that 
the  bacteria  were  slightly  more  numerous  at  the  surface  than  in  the 
lower  depths  of  water.  There  was  no  appreciable  variation  between 
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the  different  other  depths  sampled,  either  at  a  single  station  or  between 
different  stations.  Neither  was  there  any  appreciable  variation  in  the 
bacterial  content  of  tin-  surface  water  of  the  different  stations  of  this 
group.  The  very  high  content  of  the  surface  water  of  Station  1333  was 
probably  due  to  the  sample  inadvertently  being  taken  near  floating  sea- 
weed or  the  introduction  of  some  other  contamination.  The  water 
samples  from  the  lower  levels  of  this  station  resembled  those  from  the 
other  deep  water  stations  in  their  bacterial  content. 

The  bacteria  in  the  water  of  the  second  group  of  stations  were  uni- 
formly much  more  numerous  than  in  the  water  from  the  deeper  stations. 
In  view  of  the  other  results  to  be  reported  below,  this  may  be  ascribed 
to  the  higher  phytoplankton  content  of  this  water.  In  two  of  the  three 
stations  the  bottom  water  sample-  were  considerably  higher  in  bacteria 
than  the  surface  samples.  One  must  keep  in  mind  the  fact  that  the 
bottom  of  the  last  group  of  stations  was  sandy,  while  the  bottom  of  the 
first  four  ^tations  was  mud.  To  what  extent  the  deposits  at  the  bottom 
of  the  ocean  directly  affect  the  bacterial  content  of  the  water  for  any 
very  great  distance  above,  except  in  turbulent  waters,  still  remains  to  be 
determined.  Because  of  the  stray  of  the  sampling  cable  from  the 
perpendicular  and  the  rise  and  fall  of  the  ship  with  the  waves,  it  is  not 
possible  to  secure  water  samples  with  the  apparatus  used  nearer  than  2 
or  3  meters  from  the  bottom.  The  results,  therefore,  cannot  be  taken 
as  indicating  the  bacterial  content  of  the  laver  of  water  in  contact  with 
the  mud  bottom.  It  is  possible-  to  secure  water  samples  nearer  the 
bottom  at  shallow  stations,  as  in  the  case  of  the  second  group.  This, 
together  with  the  fact  that  the  water  at  these  stations  is  rather  turbulent, 
may  indicate  the  transfer  of  sufficient  nutrient  material  from  the  bottom 
deposit  to  the  water  immediately  above  to  support  the  greater  number  of 
bacteria  found  in  these  waters. 

'I  lie  more  uniform  distribution  of  the  bacteria  in  the  water  at  the 
shallower  stations  is  also  correlated  with  the  even  distribution  of  the 
diatom-.  This  is  probably  flue  to  the  stronger  vertical  mixing  of  the 
waters,  as  shown  by  the  even  distribution  of  temperature  and  salinity. 

The  results  reported  above  agree  with  those  of  various  other  in- 
vestigator- in  indicating  that  the  numbers  of  bacteria  in  sea  water  are 
relatively  low  and  quite  uniform  in  distribution.  In  an  effort  to  secure 
further  information  concerning  the  presence  of  bacteria  in  sea  water. 
the  association  of  these  organisms  with  the  plankton  forms  was  in- 
vestigated. l'iv  towini;  with  plankton  nets  samples  of  both  xooplankton 
and  phytoplankton  wire  collected.  A  number  20  silk  net  was  used, 
which  left  out  the  nannoplankton.  The  zodplankton  consisted  largely 
«!  .  while  the  phytoplaiiktou  was  made  up  almost  entirely  of 
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diatoms  with  a  few  Ccraiiuni  cells  present.  This  material  was  collected 
in  the  glass  jar  at  the  bottom  of  the  net  and  portions  of  it  immediately 
plated  out.  The  numbers  of  bacteria  in  the  various  tow  waters  are 
given  in  Table  IT. 

The  water  containing  the  diatom  plankton  is  extremely  rich  in  bac- 
teria. It  was  not  possible  to  make  determinations  of  the  actual  quantity 
of  plankton  present  in  the  samples.  Apparently  the  zooplankton  has 
fewer  bacteria  associated  with  it  than  the  phytoplankton.  Dr.  Gran 
estimated  that  the  sample  obtained  from  Station  1336  contained  11,900 
planktonic  organisms  per  liter  of  tow  water,  of  which  11,100  were 
diatoms.  It  is  of  considerable  interest  to  compare  the  relative  numbers 
of  diatoms  in  the  tow  and  in  the  sea  water  at  this  station  with  the  num- 
bers of  bacteria  in  the  tow  water  and  in  the  sea  water.  In  the  case  of 
the  zooplankton  (Station  1331),  there  were  225  times  as  many  bacteria 
in  1  cc.  of  the  tow  as  in  1  cc.  of  the  corresponding  water,  thus  giving  a 
ratio  of  the  bacteria  in  the  tow  to  the  bacteria  in  the  water  of  225:  1. 

TABLE  II 
Abundance  of  bacteria  in  tow  water.     Numbers  in  1  cc.  of  tow. 


Station 
No. 

Type  of 
plankton 

Total 
bacteria 

Agar-decomposing 
bacteria 

Percentage 
agar-decomposing 

bacteria 

1331 

Zooplankton 

890 

0 

0 

1335 

Diatom  plankton 

36,700 

2,100 

5.7 

1336 

Diatom  plankton 

37,500 

2,500 

6.7 

In  the  case  of  the  diatom  plankton,  the  ratio  between  the  bacteria  in  the 
tow  and  the  bacteria  in  the  water  (taking  the  average  of  the  surface  and 
bottom  samples)  was  500:  1  and  2,270:  1,  for  Stations  1335  and  1336 
respectively.  It  is  important  to  note  that  Dr.  Gran  found  that  the  ratio 
for  the  respective  numbers  of  diatoms  in  the  tow  and  in  the  water  was 
about  1,667:  1.  This  indicates  that  a  definite  parallelism  exists  between 
the  bacteria  and  the  diatoms  in  the  water  and  in  the  plankton.  The 
actual  existence  of  such  relations  is  substantiated  by  the  fact  that  the 
bacteria  from  the  diatom  tow  showed  a  considerable  abundance  of  agar- 
liquefying  organisms.  While  one  encounters  only  infrequently  such 
organisms  in  the  free  water,  usually  only  very  near  shore,  and  in  the 
mud,  they  were  found  to  make  up  5.7  and  6.7  per  cent  of  the  total  bac- 
terial flora  in  the  plankton  tow,  as  determined  by  the  agar  plate  method. 
It  is  interesting  to  note  that  the  bacteria  found  in  the  copepod-plankton 
did  not  include  any  agar-liquef  ring  forms. 

It   is  quite  possible,   therefore,   that  bacteria  exist   only  to   a   very 
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limited  extent  in  the  free  water  of  the  sea,  but  are  largely  attached  to  the 
plankton  organisms,  living  upon  the  dead  members  of  the  plankton  or 
upon  the  excretion  products  of  the  cells,  upon  the  cell  membranes,  espe- 
cially the  mucilaginous  substances  secreted  by  certain  alga-,  etc.  <  >ne 
need  not,  of  course,  imagine  that  if  such  an  associative  growth  exists, 
the  numbers  of  higher  plankton  forms  and  bacteria  will  always  be 
parallel.  One  can  readily  imagine  that  the  bacterial  maximum  may  be 
attained  after  the  diatom  and  copepod  maximum.  This  has  been 
brought  out  in  an  experiment  carried  out  in  cooperation  with  Dr.  Gran 
and  described  by  him  elsewhere,  in  which  the  numbers  of  diatoms  and 
of  bacteria  were  determined  simultaneously  in  artificial  cultures  of 
diatoms  in  sea  water  (Table  111).  The  rise  in  numbers  of  both  groups 
of  organisms  appears  to  have  been  directly  related.  The  increase  in 
bacterial  numbers  was  much  greater  proportionately  than  that  of  the 
diatom-.  When  the  multiplication  of  the  latter  reached  a  maximum, 

TABLE  III 

Comparative  numbers  of  diatoms  and  bacteria  in  diatom  cultures.     X umbers  in 
1  cc.  of  culture  water. 


Original 

water 

Alter 
3  days 
growth 

After 
7  days 
growth 

After 

12  day* 
growth 

1  >iatoms   

177 

1,026 

178 

165 

Bacteria  

346 

20,600 

22,800 

13,900 

the  number-  of  bacteria  continued  to  rise  further,  while  the  numbers  of 
diatom-  began  to  fall.  This  may  be  noted  at  the  7-day  period  when  the 
diatoms  had  dropped  to  their  original  level,  while  the  bacterial  number- 
were  still  increasing.  This  is  to  be  expected  since  the  death  of  the 
diatom^  provides  a  source  of  food  for  the  saprophytic  bacteria.  The 
numbers  of  bacteria  dropped  -lowly  and.  within  the  course  of  the  experi- 
ment, did  not  fall  to  the  level  of  the  original  water  as  did  the  diatoms, 
indicating  a  greater  resistance  of  bacteria  to  the  artificial  culture  con- 
dition-. 

I'.ecau-e  of  the  large  number-  o|  bacteria  capable  of  decomposing 
a-ar  found  a--ociated  with  the  diatoms  of  Stations  1335  and  1336,  it 
was  of  interest  to  follow  their  behavior  in  this  experiment.  In  the 
original  water  the  number  of  agar-decomposing  bacteria  was  of  the 
order  of  2  or  3  cells  per  cubic  centimeter.  At  the  end  of  the  3-day  cul- 
ture period  this  figure  had  risen  to  50  cells  per  cubic  centimeter.  At 
none  of  the  later  period-,  did  anv  agar-decomposing  bacteria  appear  on 
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Abundance  of  bacteria  in  the  sea  bottom.     Numbers  in  1  gram  of  mud  or  sand, 
dry  basis. 


Station  Number 

1329 

1330 

1331 

1332 

1335 

1336 

Surface      

5,400 

4,700 

830 

3,000 

1,280 

670 

10  cm  

1,720 

1,700 

140 

290 

the  plates.  The  disappearance  of  these  bacteria  may  be  ascribed  to  their 
overgrowth  by  other  forms  better  adapted  to  the  cultural  conditions. 
This  is  shown  by  the  fact  that  while  the  colonies  on  the  plates  from  the 
original  water  indicated  the  presence  of  a  considerable  variety  of  bac- 
terial forms,  in  the  last  plating  from  the  cultures  only  one  or  two  types 
remained. 

The  terrigenous  bottom  deposits  of  the  Gulf  of  Maine  contain  vary- 
ing amounts  of  organic  matter  originating  partly  from  the  organisms 

TABLE  V 
Presence  of  Anaerobic  Bacteria  in  the  Marine  Bottom 


Medium 

Solution 

Agar 

Dilution 

10 

100 

10 

100 

Station  No. 

Depth  of  mud 

1             2 

1              2 

1             2 

1              2 

1329 

0-30  cm. 

+          + 

+          0 

5*        2* 

0*        2* 

30-60  cm. 

+       o 

+       o 

12          2 

4          8 

60-90  cm. 

+      o 

0           0 

+        + 

0         0 

1330 

0-30  cm. 

+     + 

+          0 

30        18 

10          8 

1331 

0-30  cm. 

0          0 

0           0 

?           > 

0           0 

+  Indicates  growth  and  gas  formation. 

*  Figures  =  numbers  of  colonies  in  the  agar  shake-tube. 

living  in  the  sea  bottom  and  sinking  from  the  water  above,  but  probably 
more  largely  from  the  organic  matter  present  in  a  partly  decomposed 
state  in  the  sediments  brought  in  from  land.  These  forms  of  organic 
matter  furnish  the  energy  for  the  growth  of  the  bacteria  in  the  marine 
bottom.  The  total  organic  matter  content  in  the  mud  and  sand  bottoms 
of  the  stations  investigated  is  reported  later,  while  a  chemical  study  of 
the  organic  matter  in  sea  bottoms  or  marine  humus  is  reserved  for 
another  publication. 

Mud  samples  for  bacteriological  investigation  were  obtained   from 
Stations  1329  to  1332.     The  bottom  at  Station  1333  was  made  up  of 
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pebbles  and  no  sample  could  be  secured.  The  sand  bottom  of  Stations 
1334  to  1336  could  not  be  sampled  by  the  procedure  outlined  above  be- 
cause of  the  sand  slipping  from  the  tube  as  it  was  withdrawn  from  the 
bottom.  However,  at  two  of  these  stations  sand  samples  were  obtained 
by  means  of  a  Petersen  grab.  The  numbers  of  bacteria  found  in  these 
samples,  both  at  the  surface  of  the  sample  and  at  a  depth  of  10  cm.,  in 
the  case  of  the  mud  bottoms,  are  given  in  Table  IV. 

TABLE  \  I 

Numbers  of  bacteria  in  sea  water  and  in  mud,  as  shown  by  the  dilution  method,  using 
gelatin  as  tin-  medium  for  bacterial  development* 


Station 

Deptlit 

Dilution 

Water 

Mud 

cc. 

1329 

surface 

0.1 

+  + 

1329 

Surface 

0.01 

+  + 

1329 

Surface 

0.001 

+  + 

1329 

10 

0.1 

+  + 

1329 

10 

0.001 

+ 

1330 

Surface 

0.01 

+  + 

1330 

Surface 

0.0(11 

+ 

1330 

Surface 

0.0001 

0 

1330 

10 

0.01 

+  + 

1330 

10 

0.001 

0 

1331 

Surface 

0.01 

+  + 

1331 

Surface 

0.001 

+  + 

1331 

Surface 

0.1 

+ 

1331 

^irface 

0.01 

o 

1331 

30 

0.1 

0 

1331 

30 

0.01 

0 

1331 

50 

0.1 

+ 

1331 

50 

0.01 

0 

1331 

100 

0.1 

+ 

1331 

100 

0.01 

+ 

1331 

215 

0.1 

0 

*  +  indicates  growth  after  3  weeks  inrukition;  ++  indicates  very  good  growth, 
t  Depth  in  water,  is,  in  meters,  from  surface  of  water;  depth  in  mud  is,  in  cen- 
timeters, from  surface  of  mud. 

The  bacterial  numbers  in  the  surface  layer  of  the  mud  were  found 
to  vary  from  S3<)  to  5400  per  gram  of  dry  mud.  These  figures  for  the 
mud  may  be  compared  with  the  values  of  0/0  and  1JXO  per  gram  of 
dry  sand  at  Stations  1335  and  133f>.  The  two  samples  of  mud  (1329 
and  13. -iH)  which  contain  more  organic  mailer  contain  also  more  bac- 
teria; variations  which  occur  in  the  different  mud  samples  may  be 
ascribed  to  differences  in  organic  matter  content  or  to  physical  varia- 
tion-. 

'I  be  total  number  of  organisms  decreases  rapidly  with  the  depth  of 
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mud.  Thus  at  Station  1329,  at  a  depth  of  10  cm.,  the-  number  of  bac- 
teria is  only  1,720  as  compared  to  5,400  at  the  surface.  The  decrease  is 
even  more  noticeable  in  the  mud  of  Station  1332.  The  bacteria  do  not 
disappear  rapidly,  however,  below  the  surface  layer  of  the  mud,  but 
extend  to  considerable  depths,  as  shown  by  the  data  for  the  presence  of 
anaerobic  organisms  (Table  V).  These  bacteria  were  determined  by 
the  dilution  method,  using  liquid  medium  kept  under  anaerobic  condi- 
tions, and  by  the  shake-tube  method,  using  agar.  medium.  The  results 
indicate  the  widespread  occurrence  of  anaerobic  bacteria  near  the  surface 
of  the  mud  and  their  presence  to  depths  as  great  as  90  cm.  below  the 
surface. 

There  is  no  doubt  that  the  numbers  of  bacteria  found  in  sea  water 
and  in  the  sea  bottom  by  the  plate  method  represent  only  a  fraction  of 
the  total  numbers  of  bacteria.  This  is  due  to  the  limitations  of  the 
method,  whereby  only  a  part  of  the  bacterial  population  develops  on 
the  plate  into  colonies.  In  order  to  check  this,  several  samples  of  water 
and  mud  were  diluted  and  1  cc.  portions  of  the  various  dilutions  added 
to  sterile  portions  of  10  per  cent  gelatin  in  sea  water.  The  results 
presented  in  Table  VI  show  that  whereas  the  plate  method  gave  only 
1  to  4  cells  in  1  cc.  of  water  from  Station  1331,  the  dilution  method 
with  gelatin  as  a  medium  gave  positive  growth  in  some  instances  with 
0.1  cc.  of  water  and  in  some  even  \vith  0.01  cc.  of  water,  indicating  that 
at  least  10  to  100  bacterial  cells  were  present  in  1  cc.  of  the  water.  In 
the  case  of  the  mud  samples,  abundant  positive  growth  was  obtained  in 
most  instances  with  0.001  gram. 

Results  of  bacterial  investigation  of  the  water  and  bottom  samples 
of  the  Barents  sea,  recently  reported  by  Butkewitch,3  also  bring  out  the 
fact  that  the  dilution  method  may  give  10  to  100  times  as  many  bacteria 
as  the  plate  method.  The  direct  microscopic  method  gives  even  larger 
numbers,  usually  a  thousand  times  greater  than  those  obtained  by  the 
plate  method.  This  difference  is  due  to  the  fact  that  not  only  living 
but  also  dead  bacteria  are  counted  by  the  microscope,  while  many  bac- 
teria unable  to  develop  on  artificial  media  are  seen  with  the  microscope. 

OCCURRENCE  OF  SPECIFIC  GROUPS  OF  BACTERIA  IN  THE  SEA 

A  number  of  bacteria  active  in  certain  specific  processes,  which  are 
no  doubt  of  considerable  importance  in  the  metabolism  of  the  sea,  were 
demonstrated  both  in  the  sea  water  and  in  the  sea  bottom.  It  is  sufficient 
to  mention  here  the  presence  of  aerobic  and  anaerobic  nitrogen-fixing 
bacteria,  of  nitrifying  bacteria,  of  agar-liquefying  and  cellulose-decom- 

3  Butkewitch,  W.  C.  Method  of  Bacteriological  Investigation  and  Certain 
Data  on  the  Distribution  of  Bacteria  in  the  Water  and  Bottom  of  Barents  Sea. 
Trans.  Russian  Occanogr.  Inst.,  2:  No.  2,  1932. 
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posing  bacteria,  of  nitrate-reducing  bacteria,  of  various  spore-forming 
and  non-spore-forming  bacteria,  and  of  a  number  of  heterotropbic 
;erobic  as  well  as  aiKerobic  bacteria.  Some  of  these  organisms  will  be 
discussed  in  detail  later,  \vbile  others  need  only  be  mentioned  here  in 
passing. 

At  least  three  types  of  cellulose-decomposing  bacteria  \vere  demon- 
strated to  be  present  in  the  sea.  They  belong  largely  to  the  groups 
described  by  Winogradsky  as  Cytopluuja,  Ccllvibrio,  and  Ccllfalcicitla. 
They  produce  yellow  and  orange  pigments  or  no  pigment  at  all.  They 
were  found  in  the  water  from  Station  1329  and  to  a  less  extent  in  the 
mud  of  the  same  station,  but  they  were  especially  abundant  in  the  tow 
water  collected  at  Station  1336.  This  phenomenon  may  suggest  the 
probability  that  these  organisms,  as  well  as  the  agar-liquefying  bacteria, 
also  present  abundantly  in  the  diatom  tow,  as  pointed  out  previously,  are 
not  found  to  any  great  extent  in  the  free  water  or  in  the  mud,  but 
develop  in  close  connection  with  the  growth  of  the  plankton  organisms, 
especially  the  phytoplankton ;  one  would  expect  that  the  latter  would 
offer  a  logical  substrate  for  the  growth  of  such  bacteria.  Some  of  these 
bacteria  were  able  to  attack  both  cellulose  and  agar,  while  others  attacked 
cellulose  alone  and  still  others  grew  upon  agar  alone. 

Tin-  agar-liquefying  bacteria  are  represented  in  the  sea  by  a  number 
of  different  groups.     They  produce  yellow,  pink,  or  brownish  pigments 
or  no  pigment  at  all.     Most  of  them  are  aerobic,  while  some  are  aiuerobic. 
A  detailed  description  of  these  organisms  will  be  published  in  a  later 
study.     Chitin-decomposing    bacteria   have   also   been   demonstrated    in 
the  sea  water  but  these  organisms  have  as  yet  been  insufficiently  studied. 
It  is  commonly  assumed  that  the  sea  harbors  very  few  spore-forming 
bacteria.      This  may  be  true  of  the  water  itself  ;  the  sea  bottom,  however, 
especially  the  mud  bottom,  was  found  to  harbor  large  numbers  of  such 
bacteria.     The   spore-forming   bacteria   could   best   be   demonstrated   in 
the  nitrogen-free  media  inoculated  with   various  dilutions  of   the  mud 
sample-.      Many  of  the  spores  were  found  to  have  the  typical  appearance 
of   t'lostriilhiin.  so  that  one  came  to  expect  the  development  of   the-e 
organisms    in    the    nitrogen-free    media     inoculated    with    mud.      This 
organism    was    accompanied    by    other    bacteria,    some    of    which    were 
spore-forming.      Many   spore-forming   bacteria   were    found   abundantly 
in   the   calcium   acetate-sodium    nitrate   medium    used    for   the   study   of 
nitrate-reducing  bacteria. 

An.-erobic  bacteria  were  demonstrated  by  the  use  of  liquid  and  solid 
media  -ealed  with  vaseline.  <  ia-  formation  in  the  liquid  media  and 

my  development  in  the  shake-tubes  were  taken  as  evidence  of  the 
development  of  the-e  organisms.  The  ordinary  peptone-glucose  medium 


BACTERIOLOGY  OF  GULF  OF  MAINE  193 

was  used  for  this  purpose.  The  cultures  were  inoculated  with  material 
from  the  mud  profiles  (Table  Y).  The  formation  of  colonies  in  the 
anaerobic  cultures  brought  out  the  fact  that  at  least  several  hundred 
anrerobic  cells  are  present  in  each  gram  of  moist  mud,  even  to  a  depth 
of  60  cm.  of  mud. 

OCCURRENCE  OK  NITROGEN-FIXING  BACTERIA  IN  THE  GULF  OF 

MAINE 

The  problem  of  nitrogen-fixation  in  the  sea  has  always  aroused  con- 
siderable interest  due  to  the  importance  of  this  phenomenon  in  marine 
metabolism.  If  it  is  true,  as  some  oceanographers  assume,  that  the  sea 
produces  as  much  plant  and  animal  life  as  a  similar  area  of  land,  the 
amount  of  nitrogen  required  for  the  synthesis  of  these  numerous  forms 
of  life  is  quite  enormous,  since  the  nitrogen  content  of  the  various 
representatives  of  marine  life  varies  from  0.7  per  cent  in  the  case  of 
certain  algae,  such  as  Fncns,  to  10  per  cent  in  the  case  of  various  ani- 
mals which  range  from  the  lowly  copepods  to  the  large  fish  and  mam- 
mals. 

By  the  use  of  silica-gel  plates  and  liquid  media  containing  a  layer 
of  sand,  the  presence  in  the  sea  of  the  two  important  groups  of  non- 
symbiotic  nitrogen-fixing  bacteria,  namely  the  aerobic  Asotobacter  and 
the  anaerobic  Clostridium,  was  definitely  demonstrated.  The  occur- 
rence of  organisms  in  the  sea  water  and  sea  bottom  of  the  Gulf  of 
Maine,  capable  of  growing  on  nitrogen-free  liquid  media,  is  brought  out 
in  Table  VII.  The  nitrogen-fixing  organisms  were  found  both  in  the 
surface  waters  and  in  the  marine  bottom.  Samples  of  water  taken  from 
Station  1331  at  depths  of  30,  100,  and  215  meters  gave  largely  negative 
results. 

A  detailed  description  of  the  methods  used  in  this  study  as  well  as 
the  nature  of  the  organisms  found  and  their  nitrogen-fixing  capacity 
will  be  reported  in  another  publication.  It  suffices  here  to  say  that  a 
nitrogen-free  medium  containing  a  carbon  source  (glucose,  mannitol, 
salts  of  organic  acids),  a  source  of  phosphate  and  organic  iron  was 
used.  In  the  case  of  the  plates,  this  medium  was  added  to  silica-gel 
prepared  in  large  Petri  dishes  (15  cm.  in  diameter)  ;  it  was  then  sub- 
jected to  dialysis  in  tap  water,  and  the  plates  finally  soaked  for  a  few 
minutes  in  boiled  sea  water.  Each  plate  contained  2  grams  of  carbon 
source.  The  liquid  medium  was  placed  in  large  test  tubes  with  a  layer 
of  sand  on  the  bottom  and  sterilized. 

The  silica  gel  plate  inoculated  with  mud  from  Station  1329  gave  a 
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typical  development  of  ^Isotobacter  chroococcuin.  This  organism  was 
readily  isolated  and  grown  in  pure  culture.  (  )n  nitrogen-free  sea  water 
media,  with  glucose  or  mannitol  as  a  source  of  energy,  it  fixed  four  to 
six  milligrams  of  nitrogen  for  one  gram  of  carbohydrate  in  21  days. 

OCCURRENCE  IN  THE  GULF  OF  MAINE  OF  BACTERIA  CAPABLE  OF 
OXIDIZING  AM  Mo.\ir.\i  SALTS  TO  NITRITES 

If  there  is  any  one  group  of  bacteria  that  has  attracted  the  greatest 
attention  of  oceanographers  and  of  bacteriologists  alike,  it  is  the  group 
of  nitrifying  bacteria,  or  those  organisms  which  produce  nitrites  from 
ammonium  salts  and  nitrates  from  nitrites.  A  review  of  the  various 
theories  proposed  to  explain  the  occurrence  of  nitrite  and  nitrate  in  the 
ocean  would  in  itself  require  considerable  space.  It  suffices  here  to 
bring  out  only  the  results  of  the  "  Atlantis  "  expedition,  to  enable  one 
to  draw  some  very  definite  conclusions.  It  is  important  to  emphasize  in 
this  connection  that  negative  results  do  not  necessarily  mean  the  absence 
of  the  specific  organisms  but  merely  that  the  possibility  exists  that  the 
medium  used  for  demonstrating  these  organisms  and  the  conditions  es- 
sential for  their  development  were  not  particularly  favorable.  Positive 
results  are,  however,  much  more  important. 

Of  the  two  processes  leading  to  the  formation  of  nitrate,  the  first 
one,  namely  the  oxidation  of  ammonium  salts  to  nitrite,  is  usually  con- 
sidered to  be  more  specific  and  more  important,  hence  this  process  was 
more  emphasized  during  this  cruise. 

Preliminary  investigations  of  the  water  taken  near  shore  brought 
out  the  fact  that  nitrite  formation  can  take  place  in  a  sea  water  medium 
if  proper  conditions  are  provided.  Three  methods  were  used  for  this 
purpose:  (1)  Sand  and  nutrient  salts— CaCO:;.  (NH4)2SO4,  K,HPO4 
—were  added,  in  proper  concentration  to  flasks  and  these  were  ster- 
ilized ;  the  fresh  sea  water  taken  from  the  various  stations  and  at  the 
different  depths  was  introduced  directly  into  these  flasks.  (2)  In  an- 
other set  of  flasks  sand  taken  from  Georges  Bank  was  used  in  a  fresh 
state  and  water  taken  from  some  of  the  stations  was  added.  (3)  In  a 
third  experiment,  sea  water,  sand,  and  chemicals  were  placed  in  flasks, 
sterilized,  and  inoculated  with  mud  from  the  various  stations.  The 
results  obtained  on  the  "  Atlantis  "  cruise  are  presented  in  Table  VIII. 
These  results  prove  definitely  that  nitrite-forming  bacteria  are  com- 
pletely absent  in  the  free  sea  water  or  are  present  there  only  in  very 
limited  numbers,  while  the  sea  bottom  contains  an  abundance  of  such 
organisms.  In  the  case  of  the  mud,  the  presence  of  nitrifying  bacteria 
was  demonstrated  at  quite  appreciable  depths.  This  tends  to  demon- 
strate that  nitrite  formation  and  probably  also  nitrate  formation  take 
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place  in  the  sea  bottom.  The  nitrite  and  nitrate  ions  will  then  diffuse 
into  the  water  and  will  l>f  gradually  brought  upwards  by  ocean  currents, 
etc.  Near  the  surface  of  the  water,  where  active  photosynthesis  takes 
place,  the  nitrates  tend  to  disappear  due  to  the  fact  that  they  are  rapidly 
consumed  by  the  phytoplankton  organisms. 

OCCUKKK.NVF.    IX    T  1 1  K.    Sl-.A    OK    I '.  \<    I  KRIA    CAPABLF.    OF    IvEDUCINC 

NlTKAM.S    Til    XlTKITKS    AND    TO    ATM  OS  I'  1 1  IK  I  C    XlTROr.F.N 

The  presence  in  the  sea  of  bacteria  capable  of  reducing  nitrates  has 
attracted  considerable  attention  from  oceanographers.  largely  as  a  result 
of  the  hypothec-  proposed  by  lirandt.1  who  attemjited  to  base  tin-  whole 

TABLE  VIII 

Presence  of  nitrifying  bacteria  in  sea  miter  and  sea  bottom 


Nitrite-forming  bacteria  in  water 

Nitrite  bacteria  in  sea  bottom 

tion 
No. 

Depth  of 

water 

Nitrite  formation 
in  20  days 

Station 
No. 

Depth  of 
mud 

Nitrite  in 
1  1  days 

meters 

i  in. 

1329 

Surface 

— 

1329 

(i  30 

+  +  + 

L329 

Bottom 

— 

1329 

30-60 

+  + 

1330 

Bottom 

— 

1329 

60-90 

trace 

1331 

Surface 

— 

1330 

0-30 

+  + 

1331 

30 

trace 

1330 

30-60 

trace 

1331 

50 

+ 

1330 

60-90 

trace 

1331 

LOO 

— 

1331 

0-35 

trace 

1331 

215 

+ 

1336 

Sand 

+ 

1331 

1  '»nt  torn 

— 

1332 

Surface 

+ 

1332 

50 

+ 

1332 

100 

+ 

1333 

Surface 

trace 

1334 

Surface 

— 

1  334 

Bottom 

t  race 

system  of  marine  metabolism  on  the  occurrence  and  activities  of  these 
organisms.  Preliminary  studies  in  this  laboratory  have  shown  that 
when  a  liquid  medium  containing  C'a-acetate.  XaXO:;,  and  a  layer  of 
"•and  is  inoculated  with  shore-  water  or  with  mud,  active  nitrite  formation 
will  take  place,  accompanied  by  abundant  gas  evolution.  When  this 
medium  was  inoculated  with  mud,  even  in  a  dilution  of  1  :1000,  tin- 
nitrate  disappeared  completely  within  5  days.  In  other  words,  both  tin- 
water  and  the  mud  close  to  the  shore  contain  an  abundance  of  organisms 

1  Mr. unit,  K.  l"d>rr  den  St'.it'wrcliscl  ini  Metre.  Wiss.  Mecresunters. 
Kid.  X.  I-.,  4:  _'13-_>30.  IS'W;  6:  23  7''.  !<«)_' ;  18:  1X5-429.  1916-1920;  19:  251-253, 
1919. 
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capable  of  reducing  nitrates  to  nitrites,  as  well  as  of  reducing  the  latter 
completely  to  atmospheric  nitrogen. 

For  the  investigations  carried  out  on  the  "  Atlantis "  cruise,  a 
medium  similar  to  the  above  and  containing  10  grams  Ca-acctate,  1  gram 
NaNO;.,  0.5  gram  KJIPO,,  and  a  trace  of  iron  per  liter  of  sea  water 

TABLE  IX 
Relative  abundance  of  nitrate-reducing  bacteria  in  sea  water 


Station 
num- 
ber 

Depth 
of 
water 

Dilu- 
tion of 
water 

Growth  of 
bacteria 

Microscopic 
examination 

Gas 
evo- 
lution 

Nitrite 
formation 

meters 

cc. 

1329 

Surface 

1.0 

Turbid 

Large  round  cells 

and  curved  rods 

— 

+  +  +  +  + 

1329 

Surface 

0.1 

— 

— 

— 

— 

1329 

Surface 

0.01 

— 

— 

— 

— 

1331 

Surface 

1.0 

Turbid 

Minute  coccobacilli 

— 

+  +  +  +  + 

1331 

Surface 

0.1 

Slight  turbidity 

Minute  coccobacilli 

— 

+  +  +  +  + 

1331 

Surface 

0.01 

— 

— 

— 

— 

1331 

30 

1.0 

Turbid 

Cocci  and  bacilli 

— 

+  +  +  +  + 

1331 

30 

0.1 

Turbid 

Cocci  and  bacilli 

— 

+  +  +  +  + 

1331 

30 

0.01 

— 

— 

— 

— 

1331 

50 

1.0 

Turbid 

Cocci  and  bacilli 

— 

+  +  +  +  + 

1331 

50 

0.1 

— 

— 

— 

— 

1331 

100 

1.0 

— 

— 

— 

— 

1331 

100 

0.1 

— 

— 

— 

— 

1331 

215 

1.0 

Slight  turbidity 

Long  rods  and  cocci 

— 

+  +  +  +  + 

1331 

215 

0.1 

— 

— 

— 

— 

1333 

Surface 

0.1 

Turbid 

Small  coccobacilli 

— 

+  +  +  +  + 

1333 

Surface 

0.01 

Turbid 

Small  coccobacilli 

— 

+  +  +  +  + 

1333 

Surface 

0.001 

Turbid 

Small  coccobacilli 

— 

+  +  +  +  + 

1333 

Bottom 

water 

0.1 

— 

— 

— 

— 

1333 

Bottom 

water 

0.01 

— 

— 

— 

— 

1334 

Surface 

water 

0.1 

— 

— 

— 

— 

1334 

Surface 

water 

0.01 

— 

— 

— 

— 

1334 

Deep 

water 

0.1 

— 

— 

— 

+  +  +  +  + 

1334 

Deep 

water 

0.01 

— 

— 

— 

— 

was  placed,  in  25  cc.  portions,  in  large  test  tubes  containing  a  layer  of 
sand.  The  medium  was  sterilized  at  15  Ibs.  for  15  minutes.  The  tubes 
were  inoculated  immediately  after  the  samples  were  taken,  using  various 
dilutions  of  water  and  mud.  After  two  weeks  incubation  at  air  tem- 
perature, the  cultures  were  examined  microscopically  and  tested  for 
nitrite  (Tables  IX,  X). 
14 
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Of  all  the  cultures  inoculated  with  water  or  with  mud.  only  one  gave 
positive  gas  evolution,  namely,  the  one  inoculated  with  0.1  gram  of  mud 
from  Station  1329.  Positive  growth  of  bacteria  was  always  accom- 
panied by  a  reduction  of  the  nitrate  to  nitrite.  This  experiment  tends 
to  prove  that  the  waters  and  the  mud  in  the  Gulf  of  Maine  are  able  to 
reduce  nitrates  only  to  nitrites,  but  not  to  atmospheric  nitrogen.  In  the 
case  of  the  waters,  nitrate  reduction  was  active  to  a  depth  of  50  meters. 
Morphologically,  the  organisms  developing  in  these  cultures  were  found 
to  differ  considerably  with  the  different  inocula.  Some  were  plain  rods. 
others  resembled  Azotobactcr  cells,  while  still  others  were  undeniably 
spores. 

TABLE  X 

Relative  abundance  of  nitrate-reducing  bacteria  in  the  nnul 


Station 
number 

Dilution 
of  mud 

Growth  of 
bacteria 

Microscopic 
examination 

Gas 

evolution 

Nitrite 
formation 

1329 

0.1 

Turbid 

Spores 

+  + 

+  + 

1329 

0.01 

Turbid 

Few  cells 

— 

+  +  +  +  + 

1329 

0.001 

0 

0 

0 

0 

1330 

0.1 

Turbid 

Oval  rods,  spores  (?) 

— 

+  +  + 

1330 

0.01 

Turbid 

Oval  rods,  spores  (?) 

— 

+  +  +  + 

1330 

0.001 

Turbid 

Oval  rods,  spores  (?) 

— 

— 

1330 

0.0001 

— 

— 

— 

— 

1331 

0.1 

Turbid 

Spores 

— 

+  +  +  +  + 

1331 

0.01 

Some  turbidity 

Spores 

— 

+  +  + 

1331 

0.001 

Some  turbidity 

— 

— 

+  +  + 

1331 

0.0001 

— 

— 

— 

— 

1332 

0.1 

Turbid 

Spores,  rods 

— 

+  +  +  +  + 

1332 

0.01 

Turbid 

Spores,  rods 

— 

+  +  +  +  + 

1332 

0.001 

— 

— 

— 



EXPLANATION  OF  NITRATE  CYCLE  IN  THE  SEA  ox  THE  BASIS  OK  THE 
OCCURRENCE  OK  AM  MoxiA-oxim/.ixr,  AND  NITRATE- 
REDUCING  BACTERIA 

The  results  of  the  investigations  carried  out  in  connection  with  this 
expedition  prove  beyond  any  doubt  that  the  marine  bottom,  both  sand 
and  mud,  contains  bacteria  capable  of  oxidizing  ammonia  to  nitrite,  and 
later  to  nitrate;  the  process  of  nitrate  formation  in  the  sea  must,  there- 
fore, be  considered  a*  bacteriological  in  nature.  The  results  also  show 
that  the  sea  water  and  marine  bottom  contain  bacteria  capable  of  reduc- 
ing nitrate  to  nitrite,  in  the  presence  of  sufficient  energy  material,  in  the 
form  of  readily  available  carbon  compounds.  The  fact  that  marine 
humus  cannot  be  used  as  such  a  source  of  energy,  while  the  amount  ot 
available  rarbi  >h\  dratc  in  the  mud  is  very  limited,  tends  to  emphasize 
that  this  process  in  the  sea  is  only  of  questionable  importance. 
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The  problem  finally  remains  to  establish  whether  the  limited  occur- 
rence of  nitrite  in  sea  water  is  due  to  the  oxidation  of  the  ammonia  by 
nitrifying  bacteria  or  to  the  reduction  of  nitrate  by  other  bacteria.  There 
is  no  doubt  that  the  oxidation  takes  place  chiefly  at  the  bottom  of  the 
ocean ;  further  that  while  the  formation  of  nitrite  from  ammonium  salts, 
under  proper  conditions  of  culture  and  with  bottom  material  as  an 
inoculum,  can  be  readily  demonstrated,  nitrate  formation  takes  place, 
under  laboratory  conditions  at  least,  at  a  much  later  date.  Reduction 
of  the  nitrate  can  be  expected  to  take  place  both  in  the  sea  water  and  in 
the  sea  bottom ;  however,  this  process  requires  a  supply  of  organic  mat- 
ter as  an  available  source  of  energy.  This  can  only  be  obtained  through 
the  photosynthetic  activities  of  the  planktonic  organisms.  It  is  no  mere 
coincidence,  therefore,  that  the  maximum  nitrite  formation  corresponds 
well  with  the  maximum  oxygen  content  in  the  water  or  the  maximum 
photosynthetic  activities. 

The  following  hypothesis  suggests  itself  at  this  particular  point : 
Decomposition  of  the  organic  nitrogenous  compounds  takes  place  in  the 
sea  water  but  largely  on  the  sea  bottom,  with  the  result  that  the  ammonia 
is  then  liberated.  This  ammonia  is  rapidly  oxidized  by  specific  bacteria 
living  in  the  bottom  to  nitrite  and  later  to  nitrate.  This  nitrate  remains 
in  the  sea  bottom  and  is  not  reduced,  due  to  a  lack  of  available  energy 
for  the  nitrate-reducing  bacteria  and  not  to  a  lack  of  such  bacteria.  The 
small  amounts  of  ammonia  found  in  the  sea  water  originate  from  the 
decomposition  of  the  plant  and  animal  residues  in  the  plankton  and  in 
the  water.  The  nitrate  formed  in  the  bottom  gradually  diffuses  into 
the  water,  where  it  remains  as  such.  On  reaching  the  zone  of  photo- 
synthetic  activities,  this  nitrate  is  either  consumed  by  the  phytoplankton 
or  is  reduced  by  the  nitrate-reducing  bacteria  to  nitrite,  which  may  also 
be  gradually  consumed  by  the  plants.  Very  little  nitrate  reduction  to 
gaseous  nitrogen  or  complete  denitrification  is  possible  under  normal  sea 
conditions.  Reduction  of  nitrate  to  nitrite  does  not  mean  necessarily 
any  loss  of  nitrogen  from  the  cycle  of  life  in  the  sea. 

ABUNDANCE  OF  MARINE  HUMUS  IN  THE  BOTTOM  OF  THE  GULF  OF 

MAINE 

A  series  of  mud  samples  was  taken  with  the  small  glass  tube  from 
the  first  four  stations  and  from  one  sand  station,  in  order  to  determine 
the  abundance  as  well  as  the  variability  in  distribution  of  the  organic 
matter  in  the  sea  bottom.  The  methods  of  analysis,  as  well  as  the  im- 
portance of  these  results  in  determining  the  origin  and  nature  of  the 
organic  matter  or  the  marine  humus  in  the  sea  will  be  discussed  in  a 
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later  publication.  The  organic  matter  is  reported  in  terms  of  carbon 
and  nitrogen.  In  order  to  calculate  the  organic  matter  content  of  the 
mud  or  sand  from  the  carbon  data,  the  factor  1.724,  which  has  found 
extensive  application  in  soil  investigations,  may  be  used,  for  reasons 
discussed  elsewhere. 

TABLE  XI 

Distribution  of  marine  humus  in  the  sea  bottom,  as  shown  by  the  carbon  and  nitrogen 
content.     Percentage  of  dry  material. 


Station  No. 

Sample  No. 

Carbon  content 

Nitrogen  content 

C/N 

1329 

1 

2.46 

0.284 

8.7 

132') 

2 

2.50 

0.290 

8.6 

13J1' 

3 

2.48 

0.290 

8.5 

1329 

4 

2.46 

0.282 

8.7 

1329 

5 

2.37 

0.278 

8.6 

1329 

Average 

2.45 

0.285 

8.6 

1330 

1 

2.65 

0.304 

8.7 

1330 

2 

2.66 

0.284 

9.4 

1330 

3 

2.62 

0.306 

8.6 

1330 

4 

2.70 

0.294 

<>.2 

1330 

5 

2.81 

0.288 

9.7 

1330 

Average 

2.69 

0.295 

9.1 

1331 

1 

1.58 

0.156 

10.1 

L331 

2 

1.54 

0.148 

10  1 

L331 

3 

1.55 

0.144 

10.8 

1331 

4 

1.36 

0.133 

10.2 

1331 

5 

1.29 

0.133 

9.7 

1331 

Average 

1.46 

0.143 

10.2 

1332 

1 

0.82 

0.072 

11,1 

1332 

2 

1.20 

0.096 

12.5 

1332 

Average 

1.01 

0.084 

12.0 

1335 

1 

0.084 

0.008 

Ki.5 

1336 

1 

0.12 

0.009 

13.3 

The  results  reported  in  Table  XI  show  that  while  the  variation  in 
the  organic  matter  content  is  very  small  in  some  of  the  stations,  it  is 
ijuite  appreciable  in  others.  These  results  point  definitely  to  the  con- 
clusion that  determinations  based  upon  a  single1  .sample  may  lre<|Ucntly 
give  <|iiite  iliac-curate  results. 
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The  distribution  of  marine  humus  in  the  mud  profiles  taken  from 
the  various  stations  is  given  in  Table  XII.  A  heavy  brass  sounding 
tube  was  used  for  this  purpose.  The  depth  of  the  mud  brought  up  by 
means  of  this  corer  ranged  from  75  to  115  cm.  As  soon  as  brought  up. 
the  cores  were  divided  into  three  or  four  sections  and  later  each  analyzed 
separately.  It  is  important  to  remember,  of  course,  that  the  mud  was 
compressed  by  the  sampler  and  that  the  actual  depth  of  the  mud  was 
greater  than  that  shown  by  the  figures.  The  analyses  of  the  total  car- 
bon and  nitrogen  were  made  on  the  materials  which  had  been  dried  in 
an  oven  at  100°  C.  There  has  been  some  question,  however,  as  to  the 
influence  of  drying  upon  the  changes  in  the  nitrogen  content  of  the  mud. 

TABLE  XII 

Relative  distribution  of  marine  humus  -with  the  depth  of  the  mud  profile.  On  basis 
of  dry  material. 


Station  No. 

Depth  of  mud 

Carbon  content 

Nitrogen  content 

C/N 

cm. 

per  cent 

per  cent 

1329 

0-30 

2.58 

0.290 

8.7 

1329 

30-60 

2.45 

0.250 

9.8 

1329 

60-90 

2.32 

0.238 

9.75 

1330 

0-30 

2.74 

0.296 

9.25 

1330 

30-60 

2.75 

0.254 

10.8 

1330 

60-90 

2.60 

0.236 

11.0 

1331 

0-35 

1.58 

0.140 

11.3 

1331 

35-65 

1.64 

0.130 

12.6 

1331 

65-90 

1.61 

0.128 

12.6 

1331 

90-115 

1.57 

0.126 

12.4 

1331 

90-115 

1.04 

0.080 

13.0 

(reddish  mud) 

1332 

0-25 

0.67 

0.050 

13.4 

1332 

25-50 

1.12 

0.092 

12.2 

1332 

50-75 

1.43 

0.096 

14.9 

The  samples  obtained  from  Station  1329  were,  therefore,  analyzed  for 
total  nitrogen  both  in  a  moist  and  in  a  dry  condition  and  both  sets  of 
results  calculated  on  a  dry  basis  (Table  XIII).  These  results  show 
that  while  in  some  instances  there  is  no  appreciable  difference  in  the 
nitrogen  content  of  the  mud  as  a  result  of  its  preliminary  drying  in  the 
oven,  in  other  cases  the  difference  obtained  may  be  appreciable.  All  the 
analyses  reported  here  were  made  on  the  oven-dried  (60—90°  C.)  mud, 
due  primarily  to  the  ease  of  handling  and  to  the  greater  uniformity  of 
the  samples. 

Stations  1329,  1330,  and  1331  show  a  gradual  even  if  only  a  very 
limited  decrease  of  the  humus  content  with  an  increase  in  depth  of  mud, 
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especially  on  the  basis  of  the  nitrogen  figures.  This  is  accompanied 
liy  a  gradual  decrease  in  the  nitrogen  content  of  the  humus.  This  is 
due  either  to  the  greater  decomposition  of  the  nitrogen  complexes  with 
the  age  of  the  humus  or  to  a  difference  in  the  nature  of  the  materials 
deposited  at  different  times.  One  is  struck,  however,  by  the  great  rela- 
tive uniformity  of  the  organic  matter  in  the  mud  throughout  the  whole 
profile.  One  exception  to  this  is  found  in  one  of  the  samples  from  the 
90-115  cm.  layer  of  Station  1331.  This  section  of  the  profile  was  dis- 
tinctly different  in  color  from  the  rest  of  the  profile  and  even  from  the 
duplicate  part  of  another  profile,  heing  much  redder  in  color.  This 
proves  again  that  even  at  one  and  the  same  station  the  mud  may  not 
he  very  uniform  ;  this  was  brought  out  in  Table  XI  for  the  data  obtained 
from  this  station. 

In  the  case  of  Station  1332,  there  is  an  increase  in  the  humus  con- 
tent with  an  increase  in  the  depth  of  the  profile,  as  shown  by  both  the 
carl  ion  and  nitrogen  figures.  This  is  due  entirely  to  a  difference  in  the 

TABLE  XIII 

Influence  of  drying  of  marine  mud  upon  its  nitrogen  content.     On  basis  of  dry  mud. 


Depth 

Moist  mud  analyzed 

Dry  mud  analyzed 

cm. 

per  cent  N 

per  fen!  \ 

0-30 

0.306 

0.290 

30-60 

0.282 

0.250 

60  '><> 

0.239 

0.238 

nature  of  the  material  deposited  at  different  periods,  the  surface  ma- 
terial being  much  coarser  than  the  lower  layers.  The  amount  of  humus 
in  the  sand  bottoms  is  very  limited,  usually  equivalent  to  about  0.1  per 
edit  carbon  on  the  basis  of  the  dry  material.  In  view  of  the  fact  that 
no  apparatus  has  been  devised  as  yet  to  enable  one  to  take  a  deep  core 
of  the  sand  bottoms,  it  is  impossible  to  state  how  this  humus  content 
changes  with  the  depth  of  the  bottom.  Xo  information  is  available 
concerning  any  differences  that  may  exist  in  the  chemical  nature  of  the 
humus  in  the  mud  and  sand  bottoms. 

(  )n  comparing  the  data  of  the  humus  content  in  the-  mud  (Table  XI) 
with  those  of  the  bacterial  numbers  (Table  IV),  one  finds  a  certain 
definite  correlation.  This  is  especially  true  when  one  compares  Stations 
l.^-"1  and  1330  with  a  high  humus  content,  on  the  one  hand,  with  Stations 
1331  and  1332  with  a  low  humus  content,  on  the  other.  One  must  keep 
in  mind,  of  course,  the  fact  that  the  numbers  of  bacteria  were  determined 
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either  in  the  very  surface  layer  of  the  mud  or  in  the  10  cm.  layer,  while 
the  organic  matter  content  was  determined  in  the  total  core  which 
ranged  in  depth  from  15  to  25  cm.  The  bacteria  are  present  most 
abundantly  in  the  uppermost  surface  layer,  where  the  organic  matter 
is  of  recent  origin  and  no  doubt  different  chemically  from  the  organic 
matter  in  the  lower  depths  of  the  mud.  The  surface  layer  of  the  mud 
can  be  looked  upon  as  the  layer  most  active  bacteriologically.  The 
same  is  probably  true  of  the  sand,  where  the  relative  abundance  of 
bacteria  is  considerably  greater  than  the  relative  humus  content.  The 
abundance  of  humus  can,  therefore,  be  looked  upon  as  only  one  factor 
controlling  bacterial  numbers  and  activities. 

SUMMARY 

A  bacteriological  survey  has  been  made  of  the  waters  and  bottom 
sediments  in  the  Gulf  of  Maine  and  Georges  Bank.  The  samples  of 
water,  plankton  tow,  and  sedimentary  material  were  taken  under  sterile 
conditions  and  subjected  immediately  to  bacteriological  analysis  as  soon 
as  brought  on  board  the  "  Atlantis." 

The  agar-plate  method  was  used  for  the  enumeration  of  the  numbers 
of  bacteria.  This  was  supplemented  to  a  limited  extent  by  the  dilution 
method.  Various  specific  media  were  used  to  determine  the  distribution 
and  relative  abundance  of  certain  groups  of  bacteria  which  are  believed 
to  take  part  in  important  marine  processes. 

The  results  obtained  demonstrated  the  fact  that  the  bacterial  popu- 
lation of  the  sea  can  be  divided  into  three  groups  on  the  basis  of  their 
habitat:  (1)  those  forms  which  live  in  the  sea  bottom,  especially  in  the 
surface  layers;  (2)  those  bacteria  which  live  in  the  free  water,  this 
being  possible  only  when  the  water  contains  in  solution  organic  and 
inorganic  substances  which  can  serve  as  nutrients  for  the  bacteria;  (3) 
those  bacteria  which  live  largely  upon  or  in  association  with  the  plankton 
organisms. 

Sea  water  is  a  rather  poor  medium  for  the  growth  of  bacteria,  while 
the  marine  bottom  is  comparatively  richer  in  the  total  number  of  bac- 
teria capable  of  developing  on  the  plate  and  in  solution  media.  Mud 
bottoms  contain  more  living  bacterial  cells  than  sand  bottoms.  How- 
ever, the  waters  above  the  sandy  bottom  were  found  to  contain  many 
more  bacteria  than  the  waters  above  the  mud  bottoms.  This  may  be 
due  to  the  greater  abundance  of  plankton  organisms,  especially  diatoms, 
in  the  shallower  seas  with  the  sandy  bottom,  to  the  greater  mixing  of 
the  waters,  or  to  the  greater  absorption  of  bacterial  cells  by  the  mud 
bottom  material  than  by  the  sand  bottom. 
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The  numbers  of  bacteria  obtained  by  the  plate  method  represent 
only  a  part  of  the  bacterial  population  of  the  sea.  This  was  shown  by 
the  fact  that  the  dilution  method,  using  gelatin  as  a  medium  for  bacterial 
development,  gave  higher  numbers  than  the  plate  method. 

A  decided  parallelism  was  observed  between  the  abundance  of 
diatoms  in  the  sea  and  abundance  of  bacteria.  A  comparatively  large 
number  of  these  bacteria  were  agar-liquefying  organisms.  In  the  arti- 
ficial culture  of  diatoms,  the  numbers  of  bacteria  were  found  to  increase 
with  the  development  of  the  diatoms.  1  lowever,  when  the  latter  reached 
a  maximum  and  began  to  die  out,  bacterial  numbers  did  not  diminish 
very  rapidly;  these  bacteria  seemed  to  be  largely  limited  to  a  few  specific 
types,  the  importance  of  which  in  marine  processes  still  remains  to  be 
determined.  These  results  seem  to  point  definitely  to  the  fact  that  the 
development  of  phytoplankton  in  the  sea  is  accompanied  closely  by  bac- 
terial development.  The  bacteria  feed  upon  the  excretion  products  of 
the  diatoms,  alga?,  and  animal  forms  and  probably  upon  these  plankton 
forms  themselves  as  soon  as  they  die.  thus  bringing  about  their  rapid 
disintegration  and  liberation  of  the  nutrient  elements  in  an  available 
form. 

. \iuerobic  bacteria  were  found  abundantly  in  the  marine  mud;  these 
bacteria  were  present  in  the  mud  even  at  considerable  depths.  Their 
presence  points  to  continued  decomposition  of  the  plant  and  animal 
debris  of  the  ocean  on  and  in  the  ocean  bottom,  even  with  an  insufficient 
supply  of  oxygen. 

The  bacterial  population  of  the  sea  was  found  to  consist  of  a  num- 
ber of  types,  some  of  which  take  part  in  well-known  processes  which 
are  of  great  importance  in  the  metabolism  of  the  sea,  such  as  nitrogen- 
fixing,  nitrite-  and  nitrate-forming,  nitrate-reducing,  cellulose-decom- 
posing, agar-decomposing,  chitin-clecomposing,  and  many  others.  The 
importance  of  many  common  bacteria,  both  ;erobic  and  anaerobic,  mostiv 
non-spore-forming  but  also  spore-forming,  in  marine  processes  still 
remains  to  be  determined.  The  presence  of  nitrogen-fixing  bacteria. 
comprising  both  the  a-robic  .  Izotol'ticli'r  and  the  aiuerobic  Clostridiitni, 
has  been  definitely  demonstrated.  One  strain  of  the  first  group  was 
i-ol;i(ed  in  pure  culture  and  was  found  to  be  .-hotohiictrr  chroococcum. 
which  fixed  considerable  quantities  of  nitrogen  when  grown  on  artificial 
culture  media,  with  various  carbon  sources. 

I'.acteria  capable  of  oxidi/ing  ammonium  salts  to  nitrites  were  found 
in  the  sea  bottom,  but  only  seldom  in  the  sea  water.  For  demonstrating 
the  presence  of  these  organisms  in  the  sea.  a  medium  containing  a  1a\<-r 
of  sand  and  <  a( '<  >  and  covered  with  a  shallow  layer  of  liquid  containing 
an  ammonium  salt  and  the  nccessarv  minerals  was  used. 
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Bacteria  capable  of  reducing  nitrate  were  found  abundantly  both  in 
the  water,  especially  at  the  surface  layers  and  the  zone  of  photosynthetic 
activities,  and  in  the  sea  bottom.  However,  these  bacteria  were  able  to 
reduce  nitrate  only  to  nitrite  and  not  to  nitrogen  gas ;  only  in  one  in- 
stance, namely,  in  the  mud  from  the  first  station  taken  on  this  expedition, 
was  there  present  an  organism  capable  of  bringing  about  the  last  process. 

The  cycle  of  nitrate  in  the  sea  is  explained  as  follows:  The  nitro- 
genous constituents  of  the  plant  and  animal  residues  in  the  sea  are  de- 
composed with  the  liberation  of  ammonia,  largely  in  the  sea  bottom. 
The  ammonia  is  oxidized  in  the  sea  bottom  to  nitrite  and  later  to  nitrate. 
The  latter  gradually  diffuses  into  the  waters.  It  is  not  reduced  in  the 
sea  bottom  or  lower  layers  of  water,  largely  because  of  a  lack  of  avail- 
able energy  material  necessary  for  the  activities  of  the  nitrate-reducing 
bacteria.  In  the  zone  of  maximum  photosynthetic  activity  such  energy 
is  available,  hence  nitrate-reduction  may  take  place,  but  only  to  nitrite, 
since  bacteria  capable  of  reducing  it  to  nitrogen  gas  are  lacking  under 
those  conditions.  The  nitrite  thus  formed  may  also  be  assimilated  by 
the  phytoplankton  and  does  not  represent  any  loss  of  nitrogen  in  the  sea. 

The  marine  humus  (total  organic  matter)  content  of  the  mud  bottom 
in  the  Gulf  of  Maine  is  found  to  be  more  or  less  uniform  in  composition. 
This  humus  is  best  calculated  from  the  total  organic  carbon.  It  was 
found  that  determinations  based  upon  one  sample  may  not  give  absolute 
evidence,  since  different  samples  may  give  considerable  variation.  The 
humus  content  usually  decreases  with  the  depth  of  the  mud.  In  some 
stations,  however,  an  increase  in  humus  content  with  depth  was  ob- 
served. There  is  also  a  widening  of  the  carbon-nitrogen  ratio  of  the 
humus  with  an  increase  in  depth.  This  points  to  a  greater  decomposi- 
tion of  the  humus,  especially  of  the  nitrogenous  complexes,  with  an 
increase  in  depth.  An  increase  in  humus  content  with  depth  of  mud 
found  in  some  stations  merely  points  to  the  fact  that  the  rate  of  dqxisi- 
tion  of  the  humus  may  vary  considerably  with  different  periods. 

A  definite  parallelism  was  observed  between  the  numbers  of  bacteria 
and  abundance  of  humus  in  the  mud. 

A  detailed  review  of  the  literature  bearing  upon  the  results  presented 
in  this  report,  as  well  as  a  detailed  description  of  the  methods  used  and 
a  correlation  of  these  results  with  the  results  of  bacteriological  investi- 
gations of  the  sea  near  shore,  is  reserved  for  a  future  publication. 
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A  number  dt"  k'li'i istean  families  include  viviparous  genera.  These 
\-ary  in  type  of  reproductive  adaptation  from  ovoviviparity,  where  the 
ova  are  merely  retained  in  the  ovary  until  hatching,  to  true  viviparity 
where  elaborate  nutritive  organs  are  formed  by  both  parent  and  off- 
spring. The  Puriliid;e.  to  which  Xiphophorus  belongs,  includes  ovi- 
parous, ovovivipamus.  and  truly  viviparous  forms,  many  of  which  are 
commonly  raised  in  aquaria. 

The  first  description  of  the  development  of  a  piecilid  is  by  Duvernoy 
(1844)  on  PoccUla  surinamensis.  Wyman  (1856)  described  the  de- 
velopment  of  the  "  four-eyed  fish,"  Anablef>s  gronorii,  which  be  found 
to  be  truly  viviparous,  the  yolk-sac  serving  as  an  absorptive  organ. 
Ryder  (1882)  described  the  development  of  (iainlntsia  and  its  ovarian 
gestation.  He  again  published  (1886)  his  material  as  part  of  a  longer 
1  >aper  on  the  development  of  viviparous  osseous  fishes  in  which  he  re- 
views all  the  early  work.  To  this  day  his  paper  is  the  best  single  work 
treating  with  this  phase  of  the  subject.  lie  found  Cainbitsia  to  be 
ovoviviparous  and  described  a  number  of  embryological  stages. 

Zolotnitsky  (1901),  recording  the  habits  of  Girardiits  deccni- 
inacnlatns,  describes  the  mating  and  parturition,  ascribing  to  the  male 
the  function  of  midwife;  the  male  no  doubt  does  show  interest  in  the 
act  but  probably  not  from  that  motive.  Zolotnitsky  includes  a  series  of 
observation-^  on  length  of  reproductive  cycle  and  temperature.  Philippi 
(  1908)  described  in  detail  tin-  gross  and  microscopic  structure  of  both 
male  and  female  reproductive  tracts  of  two  species  of  Glaridichthys. 
This  paper  is  the  must  detailed  one  for  any  member  of  this  family.  As 
to  the  female  reproductive  system,  be  discusses  the  method  of  entrance 
of  spc-rni  into  the  follicle  and  of  sperm  storage,  as  well  as  the  normal 
histology.  Kunt/  i  1'M.M,  discussing  the  habits  and  the  morphology  of 
the  reproductive  organs  of  (,'niiihnsni.  supplements  and  in  a  few  places 
<  "rrects  Ryder's  work.  In  general  the  embryology  is  shown  to  he 
almost  identical  with  that  of  oviparous  forms.  Ilildebrand  (l''l/) 
carried  on  much  the  same  surt  of  research,  adding  somewhat  to  the  con- 
tributions of  Ryder  and  of  Kunt/.  Milewski  (  1920)  repeated  much  of 
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*  Philippi's  work,  and  included  also  a  number  of  other  genera.  He  treats 
of  the  structure  of  the  female  and  male  organs  (of  which  he  distin- 
guishes several  types),  mating,  fertilization,  parturition,  sexual  di- 
morphism, hybrids,  etc. 

These  previous  works  are  all  from  the  point  of  view  of  the  em- 
bryology and  the  anatomy  of  the  reproductive  tract.  The  subject  may, 
however,  be  approached  from  the  point  of  view  of  the  ovarian  cycle 
with  its  adaptations  in  their  time  relation  to  the  cycle  as  a  whole.  The 
discussion  resolves  itself  into  two  chief  parts ;  first,  a  consideration  of 
means  of  dating  the  pregnancies,  and  second,  a  description  of  the 
changes  in  the  ovary  and  its  contents  during  the  cycle. 

MATERIAL 

Xiphopliorus  was  selected  because  of  its  convenient  size,  hardiness 
in  captivity,  and  apparently  delicately  poised  sexual  balance,  as  indicated 
by  normal  sex-reversals  (Essenberg,  1923,  1926).  The  individuals 
used  were  mostly  young  breeding  fish  about  50  mm.  in  length  and 
weighing  about  1.5  grams.  This  size  was  preferred  as  the  ovary  is 
small  enough  for  ready  fixation  while  containing  enough  ova  to  allow 
material  for  weight  and  embryological  observations  to  be  taken  without 
spoiling  all  of  it  for  histological  use.  The  offspring  of  large  and  small 
individuals  do  not  differ  noticeably  in  size,  but  the  large  females  have 
larger  litters  than  do  the  small  ones. 

FEMALE  GENITAL  TRACT 

The  ovary  of  Xiphophorus  is  a  large  unpaired  body  which  in  mature 
fish  occupies  most  of  the  posterior  part  of  the  peritoneal  cavity.  En- 
veloping it  is  a  thin,  slightly  pigmented  peritoneal  membrane.  When 
this  is  removed  the  follicles  or  ovisacs  appear  lying  quite  separately,  like 
grapes  in  a  bunch,  making  up  the  bulk  of  the  cortex.  The  follicle  is 
composed  of  a  single  layer  of  cells  supported  by  a  thin  theca,  through 
which  the  contents  are  readily  visible.  Between  the  large  follicles,  with 
their  golden  amber  ova,  can  be  seen  numbers  of  small  white  ova,  usually 
located  close  to  the  central  cavity  and  chiefly  along  its  dorsal  wall. 
These  eggs  form  a  continuous  series  from  about  12  micra  to  0.5  mm.  in 
diameter.  In  shape  they  are  commonly  spheroidal  but  are  often  ir- 
regular, especially  in  preserved  material.  Close  to  the  ovarian  lumen 
is  the  conspicuous  ovarian  vein  with  small  veins  leading  into  it  from  a 
circular  sinus  on  each  follicle.  These  venous  circles — described  for 
Gambusia  (Ryder,  1885) — are  most  distinct  in  the  gravid  ovary,  be- 
coming much  less  noticeable  in  the  later  stages  of  pregnancy.  Penetrat- 
ing to  each  ovum  is  a  funnel-like  invagination  of  the  ovarian  lining  which 
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widens  out  against  tin-  follicular  epithelium  at  the  bottom.  This  is, 
called  by  Stuhlmann  and  by  Philippi  a  dcllc.  The  sperm  has  access 
to  the  mature  ovum  at  fertilization  through  a  minute  pore  in  the  epi- 
thelium of  the  bottom  of  the  delle.  Later  this  opening  enlarges  to  form 
the  birth-pore  through  which  the  young  escape  into  the  central  cavity  at 
parturition. 

Posteriorly,  the  ovarian  cavity  is  continuous  with  that  of  the  oviduct. 
This  is  not  a  homologue  of  the  Mullerian  duct,  but  is  a  single  median 
tube  arising  from  two  primordia  (Essenberg,  1923).  One  primordium 
is  the  posterior  part  of  the  ovary;  the  other  the  lining  of  the  body  cavity 
near  the  urogenital  sinus.  This  oviduct  is  a  short  muscular  tube  elabo- 
rated into  deep  longitudinal  folds,  in  the  epithelium  of  which  the  sperm 
is  stored,  the  sperm  heads  being  visible  within  the  high  columnar  cells. 
As  the  oviduct  passes  ventrally  it  widens  and  becomes  less  folded,  then 
contracts  sharply  to  an  isthmus  where  the  walls  thicken  to  form  a  strong 
sphincter.  I'evond  this  valve  the  oviduct  again  widens  and  runs  to  the 
tip  of  the  genital  papilla  lying  in  the  urogenital  sinus  which  it  enters  from 
the  anterior  margin  and  very  largely  fills. 

PROCEDURE 

A  graded  series  of  pregnant  females  was  required  from  which  other 
material  could  by  comparison  be  assigned  to  definite  stages.  Data  were 
taken  on  a  random  representative  sample  of  fifty  pregnant  fish  as  to 
total  length,  length  to  end  of  scales  on  tail,  greatest  depth,  depth  of 
caudal  peduncle,  and  body  weight.  The  ovaries  were  opened  and 
usually  six  ova  or  embryos  removed.  After  measuring  two  or  three 
representative  embryos,  three  were  dried,  the-  others  fixed  in  Bouin's 
with  the  remainder  of  the  ovary. 

The  series  was  then  arranged  in  order  from  the  earliest  to  the  latest 
stages  of  gestation.  For  the  early  stages,  particularly  those  of  growth 
of  ova,  the  diameter  of  the  egg  was  used  as  a  criterion  of  developmental 
advancement;  later  the  degree  of  differentiation  of  the  embryo;  finally 
the  length  of  the  embryo  and  si/.e  of  the  yolk  sac.  Now  assuming  the 
sample  to  be  representative,  the  youngest  stage  should  be  post-parturient, 
which  comparison  with  ovaries  of  known  post-parturients  showed  to  be 
true.  Similarly  tin-  oldest  stage  -hould  be  pre-parturienl — its  ovary  con- 
tained embryos  indistinguishable  from  new-born  fish — and  the  median 
fish  should  be  halfway  between,  or  should  have  passed  through  50  per 
cent  of  the  cycle.  In  this  manner  the  fish  were  assigned  percentage 
positions,  so  that  the  fifth  fish  was  10  per  cent,  the  tenth  20  per  cent,  etc. 
This  method  of  marking  stages  was  deemed  best  because  it  represents  a 
variable  time  interval  which  changes  with  the  length  of  the  gestational 
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period.  As  under  greenhouse  conditions  this  period  is  about  thirty  days, 
1  per  cent  equals  about  eight  hours.  For  convenience  the  stages  are 
indicated  by  the  numeral  alone,  as,  position  50. 

Some  justification  perhaps  is  necessary  for  basing  this  curve  on  a 
sample  of  only  fifty  individuals.  Undoubtedly  it  is  to  some  extent  in- 
accurate, but  it  appears  to  be  sufficiently  exact  for  practical  use.  First, 
there  are  no  large  gaps  nor  overlaps  in  the  seriation  —  diameters  and 
lengths  follow  smooth  curves  and  show  gradual  increases.  Second, 
several  observations  on  fish  kept  under  constant  temperature  conditions 
indicate  much  the  same  time  relations.  Third,  the  embryos  of  a  litter 
are  not  all  identical  in  size  or  degree  of  development,  so  that  an  appre- 
ciable overlap  often  exists  between  two  adjacent  series  of  young.  For 
example,  in  a  litter  of  new-born  fish  length  varied  from  8.6  mm.  to  9.3 
mm.  As  can  be  seen,  a  curve  might  be  made  more  accurate  than  would 
be  significant.  Parturition,  the  only  end-point  for  experimental  timing, 
lasts  a  number  of  hours  and  may  even  be  protracted  over  a  period  of 
several  days. 

MEANS  OF  DATING  PREGNANCIES 

Ovaries  may  be  assigned  to  relative  positions  in  the  cycle  by  com- 
parison with  a  dated  series,  or  more  conveniently  with  Text  Fig.  1,  on 
which  position  is  plotted  against  diameter  of  ovum,  diameter  of  ovisac, 
and  length  of  embryo,  the  chief  criteria  used  in  arranging  the  dated 
series.  Between  30  and  50  differentiation  of  the  embryo  is  very  rapid 
and  affords  one  a  useful  means  for  determining  chronological  position. 

The  desirability  of  a  means  of  dating  pregnancies  by  external  criteria 
led  to  a  study  of  body  form  and  proportion  using  the  ratio  of  greatest 
depth  to  depth  of  caudal  peduncle  and  the  weight  length  relations  by 
means  of  the  standard  constant  of  conditions  formula, 


The  changes  in  proportion  due  to  the  stage  of  pregnancy  were  obscured 
by  irregular  variations  ascribable  to  amount  of  body  fat  and  to  intestinal 
content.  Consideration  was  also  given  to  the  "  pregnancy  spot  "  and  to 
the  scale  markings.  All  four  external  criteria  proved  unreliable  means 
of  dating  pregnancies,  so  that  in  practice  the  fishes  had  to  be  killed  be- 
fore their  position  could  be  ascertained.  However,  the  ;'  pregnancy 
spot  "  was  found  reliable  as  an  indication  of  sexual  maturity.  Repro- 
duction appears  to  play  a  comparatively  constant  role  in  the  general 
physiology  of  the  female  Xiphophorus. 
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THE  YOLK  AND  THE  FOLLICLE 

A  normal  ovary  contains,  besides  the  group  of  large  eggs,  numerous 
smaller  ones,  ranging  from  ova  with  a  diameter  of  10  to  12  micra  to 
large  ones  of  about  0.5  mm.  in  diameter.  Essenberg  (1923)  describes 
the  origin  of  the  definitive  ova  from  the  epithelial  lining  of  the  ovary, 
confirming  Philippi's  observation  on  (.iluridicJithys. 

The  smallest  ovum  with  a  follicle  illustrated  by  Essenberg  is  one  of 
12  micra  in  which  four  or  five  follicular  nuclei  are  seen  around  the 
ovum.  The  germinal  vesicle  is  large  and  central.  Fig.  1,  Plate  I, 
although  a  slightly  older  ovum,  shows  the  same  picture.  The  cytoplasm 
is  quite  strongly  basophilic  and  the  germinal  vesicle  is  achromatic, 
showing  two  very  chromatic  nucleoli.  The  follicle  is  of  very  low 
s(|uamous  epithelium.  As  growth  continues  the  cytoplasm  becomes 
less  basophilic  (Fig.  2,  Plate  I).  Here  the  germinal  vesicle  is  even  less 
chromatic  than  earlier,  the  only  strongly  basophilic  portion  being  the 
large  nucleolus.  Around  the  low  follicular  epithelium  the  stroma  is 
condensing  to  form  a  theca.  The  water  content  now  must  be  very  high 
as  ova  are  often  badly  shrunken  or  collapsed  if  treatment  is  at  all  drastic. 
This  is  about  as  large  as  ova  with  homogeneous  cytoplasm  are  found,  for 
soon  oil  droplets  appear  in  the  borders  of  the  cytoplasm.  With  the 
commencement  of  oil  secretion,  the  epithelium  begins  to  thicken,  becom- 
ing cuboidal  (Figs.  3  and  4,  Plate  I)  and  eventually  moderately  low 
columnar  in  type.  Figure  4  shows  a  change  in  follicular  epithelium 
with  a  rapid  transition  from  cuboidal  to  columnar.  The  epithelium, 
which  is  high  for  follicles  of  this  size,  shows  undulations  as  if  to  increase 
the  surface ;  this  is  quite  common.  Philippi  illustrates  for  Glaridichthys 
a  series  of  follicular  trabeculse  penetrating  the  yolk.  My  material  does 
not  show  this  except  where  it  is  an  obvious  artifact  due  to  shrinkage  or 
rupture  of  the  ovum. 

When  a  diameter  of  about  450  micra  has  been  reached  yolk  secretion 
begins,  a  number  of  minute  yolk  granules  appearing  along  one  side  of 
the  ovum  near  the  periphery.  Those  granules  nearest  the  follicular 
epithelium  are  the  most  minute ;  those  found  more  centrally  are  larger. 
Figures  5  and  6,  Plate  I,  are  of  opposite  sides  of  one  ovum,  and  show  a 
marked  difference  in  the  character  of  the  epithelium  and  of  the  cyto- 
•plasmic  inclusions.  One  side.  Fig.  5,  still  contains  only  oil;  the  other, 
Fig.  6,  both  oil  and  yolk.  As  the  yolk  secretion  continues,  the  entire 
mass  of  the  ovum  becomes  filled  with  globules  of  oil  and  yolk.  In  his- 
tological  preparations  the  oil  is  dissolved  out,  leaving  cavities  in  the 
cytoplasm.  The  germinal  vesicle  still  is  achromatic  and  central  in 
position.  Such  ova  reach  0.5  mm.  in  diameter  about  parturition  or 
immediately  thereafter. 
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At  this  time  these  ova,  which  will  form  the  next  litter,  are  growing 
rapidly  toward  maturity.  The  follicle  cells  are  cuboidal  and  very 
active.  The  ova  an-  divided  into  two  portions:  centrally  a  structureless 
mass  of  coalesced  yolk,  peripheral  to  which  is  a  layer  of  cytoplasm  full 
of  oil  globules  and  yolk  i  Fig.  7.  Plate  I).  This  central  yolk  mass  in- 
creases at  the  expense  of  the  peripheral  layer.  The  follicular  epi- 
thelium is  gradually  reduced  in  height,  probably  due  to  two  factors:  (1) 
its  physiological  Decretory  function,  and  (2)  the  mechanical  necessity 
for.  the  single  layer  of  cells  to  continue  to  cover  the  ever  increasing  sur- 
face of  the  ovum.  At  30.  after  fertilixation,  the  ovum  and  the  follicle 
separate  so  that  the  ovum  floats  free  in  the  cavity  of  the  follicle  which, 
from  this  point,  is  often  called  the  ovisac  (Fig.  8,  Plate  I).  The  ovum 
now  is  a  mass  of  yolk  with  oil  droplets  embedded  in  its  periphery.  On 
one  side  is  the  blastodisc  from  which  a  thin  membrane  runs  out  onto 
the  yolk.  None  of  the  material  of  this  age  shows  a  distinct  vitelline 
membrane  although  one  is  found  later  surrounding  the  embryos.  The 
follicle  again  consists  of  squamous  epithelium  supported  by  a  vascular 
theca.  As  from  this  stage  on  the  embryos  and  the  follicle  are  not  in 
contact,  they  are  perhaps  best  discussed  separately. 

Throughout  the  period  of  gestation  the  epithelium  of  the  follicle 
appears  inactive,  and  becomes  progressively  thinner  as  does  the  theca, 
reaching  an  extreme  of  tenuity  just  before  parturition  (Fig.  9,  Plate  I, 
and  Fig.  1,  Plate  II).  Coincident  with  the  development  of  the  embryo 
there  is  an  increase  in  the  vascularity  of  the  follicle. 

At  parturition  the  ovisac  commences  a  new  phase  ot  activity  (Text 
Fig.  3,  ti).  As  it  collapses  the  squamous  epithelium  vapidly  hypertro- 
phies. The  cells  are  columnar  and  are  attached  to  each  other  only  at  the 
base  (  Fig.  2,  Plate  II).  This  strange  epithelium  has  a  windswept, 

I    ••  planation   (if    Plate   I 

Camera  lucida  drawings  from  Delaheld's  hsematoxylin  and  eosin  preparations. 
45.5.  )"-  yolk,  T — theca,  O — oil,  /•" — follicular  epithelium,  /'  peritoneum,  i'— 
retion. 

FlG.   1.  An   early  ovum   showing   germinal    vesicle   nncleoli,  and    follicle. 

FlG.  -.  An  older  ovum  showing  follicle  with  a  theca. 

I-'H..  .^.  An  ovum,  average  diameter  200  micra,  showing  beginning  of  oil 
secretion. 

!•!(..  4.  An    o\mn.    average     diameter    -ilO    micra,     showing     transition     from 

cuhoidal  to  columnar  epithelium. 

Fi<;.  5.  An  ovum,  avera.L-e  diameter  450  micra,  showing  late  stage  of  oil  secre- 
tion. 

FlG.  '>.  The  opposite  side  of  the  same  ovum,  showing  the  commencement  of 
yolk  s,  i  retion. 

•..   7.  An  ovum  at    10.   showing    \olk   secretion  at    its  height. 

FlG.  S.  An  o\um  at    fertili/ation — the  cessation  of  yolk  secretion. 

FlG.   ''.  Wall   of   an   OVKIC   at    Hill,   showing   its  vascularity. 

In.     Wall  of  a  spent   follicle,  showing  it  full  of  secretory  material. 
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fringed  appearance.  The  nuclei  are  achromatic  and  are  found  well  up 
from  the  base  as  if  to  indicate  considerable  activity.  P.nieath  the  fol- 

* 

licular  epithelium,  the  theca  has  also  greatly  thickened  and  bears  numbers 
of  polygonal  cells.  The  blood  vessels  also  are  enlarged  and  form  a  zone 
in  the  thickness  of  the  follicle  wall  (Fig.  3,  Plate  II).  The  follicle  then 
begins  to  secrete,  Fig.  4,  Plate  II,  and  to  slough,  so  that  its  lumen  is 
filled  with  the  secretory  product,  which  resembles  a  mass  of  crumpled 
membranes  with  here  and  there  some  cell  fragments.  This  secretion 
passes  into  the  lumen  of  the  ovary  (Fig.  10,  Plate  I,  and  Fig.  5,  Plate 
II). 

VITKI.LIXE  PLUG 

Within  the  vitelline  membrane  of  ova  at  about  position  70.  a  plug  is 
to  be  found  closing  the  birth-pore.  This  is  composed  of  a  ma>s  of  vesic- 
ular material  resembling  in  structure  the  cytoplasm  of  ova  prior  to  the 
commencement  of  yolk  secretion  (Text  Fig.  3,  A).  This  mass  is  found 
just  opposite  the  birth-pore  as  if  it  had  been  first  loose  and  then  settled 
in  the  slight  bulge  where  the  vitelline  membrane  bellied  out  into  the 
lumen  of  the  ovary.  As  to  its  nature,  it  may  be  any  of  three  things,  i.e., 
nutrient  material  from  the  parent,  excretory  product  of  the  embryo,  or  a 
secreted  reinforcement  for  the  membrane  across  the  birth-pore.  This 
last  seems  the  least  probable  suggestion,  as  this  membrane  in  Xiplio- 
phonts  is  really  only  a  functionless  rudiment.  The  plug  seems  rather 
too  firm  and  solid  to  be  an  excretory  product;  moreover,  the  embryo 
has  no  fecal  material  in  the  gut  and  since  no  goblet  cells  are  present  as 
yet,  the  plug  is  not  apt  to  be  mucous  in  nature,  it  seems  most  likely 
to  be  either  a  nutritious  substance  newly  secreted  from  the  follicles,  as 
in  .Inahlcps,  or  modified  yolk  cut  off  from  the  yolk  mass  prior  to  its 
complete  enclosure  by  the  embryo. 

STRUCTURAL  CHANGES  ix  TIIK  EMBRYOS 

The  embryology,  as  before  mentioned,  has  been  described  in  this 
family.  The  various  authors  agree  that  the  development  of  viviparous 
forms  differs  in  no  significant  particulars  from  that  of  related  ovi- 

Explanation  <>\    1'Iate  1 1 
Figures  1  to  4,  X  320.    Fig.  5,  X  72. 

IMI,.  1.  A  section  showing  relation  of  cinliryo  and  follicle  just  prior  to  par- 
turition. )' — yolk  in  yolk-sac  of  embryo,  )'s — yolk-sac,  I" — vitelline  membrane, 
F— follicle. 

I'K,.  1.  Wall  of  collapsed  follicle  shovvin.n  h\  pertrophied  theca  and  the  fol- 
licular  cells. 

IMC,.  ,\     A  slightly  later  Ma^e  showing  the  zone  of  capillaries. 

FlG,  4.     The    follicle   ju>t   beginning   to   secrete. 

:         5.     A   follicle  at   the  height  of  secretion. 
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parous  species.  Tin'-.  section  does  not  purport  in  any  way  to  describe 
the  embryology  or  to  ^ive  a  complete  picture  of  any  stage  or  any  system, 
but  to  present  Midi  conspicuous  characters  as  would  be  of  practical  use 
in  determining'  the  a.^e  of  the  material,  especially  in  sections  of  the  ovary 
where  the  embryos  may  be  cut  through  any  plane.  Fertilization  stages 
have  not  been  found  but  they  occur  at  about  30.  At  this  time  the  ovum 
has  reached  a  diameter  of  2.1  mm.  and  consists,  except  for  the  blastodi-c, 
of  a  solid  ball  of  yolk  with  numerous  large  oil  drops  around  the  periph- 
ery. Fertilization  does  not  seem  to  take  place  simultaneously  in  all  of  a 
batch  of  ova.  so  that  different  stages  of  cleavage  can  be  observed  in  the 
same  ovary.  Figure  3.  Plate  III.  shows  one  of  the  blastodiscs  from 
an  ovum  at  30.  which  is  composed  of  about  60  cells. 

At  40  (Fig.  4,  Plate  III)  the  blastodisc  has  spread  and  formed  the 
germ  ring  on  one  side  of  which  the  embryonic  shield  has  just  appeared. 
The  shield  lengthens  and  development  is  rapid  so  that  at  position  50  the 
embrvo  is  well  formed. 

The  embryo  (Fig.  5,  Plate  III)  is  about  2  nun.  long  and  has  already 
produced  an  excellent  vitelline  circulation.  Well-formed  optic  cups  with 
lenses  in  them  are  visible  externally.  The  cup  is  differentiated  into 
retina  and  choroid  coats  and  the  choroid  fissure  still  remains.  Some- 
what posteriorly  the  large  spheroidal  otic  vesicles  appear.  The  lateral 
ventricles  of  the  brain  are  beginning  to  grow  and  the  myelencephalon 
shows  its  characteristic  thin  dorsal  wall,  although  the  nervous  tissue 
is  not  as  yet  differentiated  into  white  and  gray  substance.  (  >ne  also 
may  note  that  the  anterior  neuropore  is  open,  the  tail  is  free  on  the  yolk, 
and  that  there  are  still  no  limb  buds.  The  notochord  is  differentiated 
in  the  posterior  part. 

At  (A)  the  embno  has  reached  a  len-th  of  about  3.6  mm.  (Fig.  6, 
Plate  III  ).  The  embryo  has  proportionately  a  very  large  head  to  which 

Explanation  of  Plate  111 

Camera  lucicla  drawing  X  1 1-25.  Embryos  fixed  in  Bouin's  and  cleared  in 
alcohol  and  glycerine. 

FIG.  1.     Ovum  in   follicle  at   10.     .V — small   ovum  in  theca  of  large  one,  D— 
attachment  to  center  of  ovary;   this  stalk  contains  a  delle. 
FlG.  2.     Ovum  in   follicle  at  20. 
FIG.  3.     Ovum  at  30  showing  a  late  i  stage. 

FlG.  4.     Ovum  at  40  showing   an  early   embryonic  shield. 
FlG.   5.      Kmhryo  at  50. 

FlG.  <>.      l-'mhryo  at   oO,   showing    pigmeiited   eyes   and   limb  buds. 
FIG.  7.     Kmbryo  at  70. 

8.      Kmbr\o  at  70  enrlo-ed   in   the  d\is;ic. 
FIG.  '>      Embryo  at  80,  C— ccelnm. 
Vic..   10.      iMiihryo  at  80  in  its  cu-tomary  position. 
Fir,.   11.      Kmbryo  at  (X>.    )       \<>lk.   (  — ni-lom.    L— liver. 
1  MC,.   1J.      Kmbryo  at  90,  coiled  in  the  ovisac. 
I   1C.    l.v      Young  at    birth. 
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the  trunk,  with  its  newly  acquired  limb  buds,  appears  as  an  appendage. 
The  eye  shows  considerable  advance,  pigmentation  being  in  progress. 
The  lens  is  fibrous  and  the  retina  is  separating  medially  into  the  gangli- 
onic  and  nuclear  layers.  Elsewhere  the  nervous  tissue  is  differentiated 
into  gray  and  white  substance,  and  a  number  of  nerves  have  appeared. 
The  beginning  of  histogenesis  of  cartilage  and  muscle  occurs  at  about 
this  time.  Development  of  the  digestive  tract  has  resulted  in  a  flattened 
pharynx  lined  with  cubical  epithelium  and  a  tubular  gut  lined  with 
columnar  epithelium.  Filling  a  considerable  part  of  the  axiom  is  the 
liver  anlage,  a  highly  vascularized  mass  of  rather  darkly-staining  poly- 
gonal cells.  Another  new  organ  is  the  pronephros,  which  here  is  only 
a  slightly  bent  tubule  just  posterior  to  the  pharynx. 

Figures  7  and  8,  Plate  III,  show  the  general  appearance  of  an 
embryo  at  70  in  the  ovisac,  and  released.  At  this  stage,  4.6  mm.,  the 
head,  although  large,  does  not  overwhelm  the  body  but  seems  to  fit  it. 
The  snout  tends  to  be  buried  in  the  yolk  up  to  the  eyes  or  above.  Borne 
upon  the  trunk,  which  usually  is  curled  slightly  to  the  side,  are  dorsal, 
ventral,  and  caudal  fins.  Only  in  the  caudal  fin  are  any  fin  rays  to  be 
found  although  the  cartilages  of  the  pectorals  are  formed.  Pigmenta- 
tion has  now  progressed  so  that  chromatophores  are  abundant  over  the 
cerebrum  and  are  occasionally  to  be  seen  on  the  caudal  peduncle.  In- 
ternally the  peritoneum  is  also  pigmented.  Sections  show  the  olfactory 
anlage  to  be  still  only  thickened  placodes ;  while  the  otic  vesicles  have 
developed  and  are  now  no  longer  round  but  irregular,  due  to  the  mark- 
ing out  of  the  semicircular  canals.  A  pair  of  thin  cartilaginous  walls 
rises  one  on  either  side  from  the  otic  capsules  to  protect  the  brain.  The 
spinal  cord  is  protected  similarly  as  there  are  cartilaginous  lamellae  in 
the  neural  arches  of  the  trunk  and  in  the  hsemal  arches  of  the  tail ;  these 
latter,  however,  are  very  minute.  In  the  pharyngeal  region  the  thyroid 
anlage  forms  a  pit  in  the  floor  of  the  pharynx.  On  either  side  are  the 
visceral  pouches,  which  so  far  contain  no  gills.  Curled  under  these  and 
mostly  out  of  sight  are  the  operculae.  The  pineal  body  and  the  pituitary 
are  now  well  developed. 

Figure  9,  Plate  III,  shows  an  embryo  at  SO  free,  and  Fig.  10,  a 
littermate  in  the  position  customarily  taken  in  the  ovisac,  with  the  tail 
flexed  and  held  over  the  back  of  the  head.  The  snout  is  slightly  em- 
bedded in  the  yolk.  The  pigment  cells  are  distinct  along  the  lateral  line 
of  the  tail.  Within  the  posterior  part  of  the  yolk  sac  is  a  clear  vesicle, 
the  enlarged  coelom.  Dermal  fin  rays  have  now  appeared  in  the  pectoral 
fins.  In  the  region  of  the  otic  vesicles  the  cranium  is  beginning  to  roof 
over  the  brain.  The  ribs  are  now  present.  Pharyngeal  teeth  are  found 
although  so  far  but  little  dentine  has  been  deposited.  The  olfactory 


220 


KALI1!  I  J.  BAILKY 


apparatus  is  a  deep  Mask-shaped  pit  with  a  thickened  sensory  epithelium 
at  the  base.  Thickened  sensory  areas  are  also  to  be  found  in  the  lining 
of  the  canals  and  ampulke  of  the  ear.  A  cross-section  of  the  pharynx 
shows  distinct  gill  bars  which,  with  the  exception  of  the  last,  hear  no 
filaments.  Medial  to  the  gill  bars  along  the  ventral  aorta  the  thyroid 
appears.  consisting  of  .scattered  follicles  full  of  colloid.  The  viscera 
have  changed  somewhat;  the  gall  bladder  which  earlier  was  lined  with 
cuboidal  cells  now  has  a  squamous  lining;  distinct  pancreatic  rudiments 
are  present  in  the  mesenteries.  The  cells  of  the  gas  gland  have  become 
large  and  achromatic. 


vn 
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Ti  vi   FIG.  .x     A.  Section  showing  vitelline  plugs  closing  the  birth-pores. 
L — lumen,  }' f — vitelline  plug,  Vm — vitelline  membrane,  B— birth-pore.     B.  Section 
of  an  ovary  at   10  X -15.     O — ovum,  /•" — empty    follicle,  J> — clrlle. 

At  90  the  Xiplioplionts  embryo  is  so  long  that  in  the  ovisac  the  ani- 
mal forms  a  complete  loop,  keeping  its  tail  on  the  anterior  part  of  the 
head.  When  released  it  straightens  out  to  about  S.I  mm.  (Figs.  11  and 
12.  Plate  III).  The  \olk  sac  is  an  irregular  mass  which  in  preserved 
material  shows  a  number  of  distinct  parts.  Anteriorly  are  the  heart 
and  vitelline  veins,  then  the  yolk  proper  which  as  an  almost  bipartite 
mass  occupies  ventral  and  lateral  positions.  In  the  notch  between  the 
halves  of  the  yolk  are  two  swellings,  the  liver  and  the  ccelom.  The 
opercukc  now  arc'  conspicuous  as  they  stand  out  from  the  head  and  are 
studded  with  many  large  chroinatophores.  The  dorsal  and  anal  tins 
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have  fin  rays  as  wdl  as  the  pectorals  and  caudals.  The  pelvic  fins  are 
represented  only  by  thickenings  just  anterior  to  the  anus.  A  section 
through  the  optic  chiasma  shows  large  lymph  sinuses  in  the  orbit  and 
between  the  eyes.  Below  in  the  lower  jaw  is  a  tongue  cartilage  which 
forms  a  distinct  inverted  U.  A  sheath  is  now  being  laid  down  upon  the 
notochord.  In  the  body  cavity  changes  are  slight ;  the  kidneys  are  much 
more  vascular  than  before  and  show  the  capsules  around  the  glomeruli. 
The  lining  of  the  stomach  and  intestine  is  thrown  into  folds  sparingly 
supplied  with  goblet  cells. 

At  parturition  (Fig.  13,  Plate  III),  we  find  a  perfectly  formed  little 
fish  about  8.9  mm.  long,  short  and  plump,  with  a  smoothly  rounded 
belly,  quite  capable  of  looking  after  himself  and  ready  to  feed  or  to 
dodge  his  cannibalistic  relatives.  Recently  he  has  acquired  a  set  of 
scales  and  greatly  elongated  his  pectoral  fins.  The  retraction  of  the 
yolk  seems  to  be  accomplished  chiefly  by  the  removal  of  coelomic  fluid, 
the  place  of  which  is  taken  by  the  yolk  and  liver  which,  up  to  this  point, 
have  projected  far  below  the  normal  body  contour.  The  yolk  now  sur- 
rounds the  truncus  arteriosus  on  three  sides,  lying  dorsal  to  the  heart 
and  between  the  ducts  of  Cuvier,  extending  throughout  and  filling  almost 
the  entire  body  cavity.  The  stomach,  intestines,  and  skin  are  copiously 
supplied  with  goblet  cells. 

WEIGHT  AND  COMPOSITION  OF  OVA  AND  EMBRYOS 

In  the  course  of  development,  changes  take  place  not  only  in  form 
and  differentiation  but  also  in  weight  and  composition  of  the  ova  and 
embryos.  Text  Fig.  2  shows  the  results  of  two  sets  of  weight  measure- 
ments. A  represents  data  derived  from  the  dried  embryos  from  the 
dated  series.  These  were  air-dried  upon  cover-slips,  weighed  on  the 
slip,  then  removed  by  scraping  and  the  weight  of  the  cover-slip  deter- 
mined. Weights  so  obtained  were  relative  but  not  exact  as  the  degree 
of  desiccation  and  the  completeness  of  removal  from  the  slip  were 
variable.  The  slight  residue  left  on  the  slide  makes  this  curve  uniformly 
low.  Curve  B  presents  data  derived  from  a  special  series  where  quanti- 
tative determinations  of  organic  content  were  made;  curve  C  for  meas- 
urements of  water  content ;  curve  D  for  ash ;  and  curve  E  for  total 
weight.  The  number  of  individuals  used  for  the  determinations  was 
governed  by  the  number  which  could  be  dissected  intact  from  the  ovary, 
i.e.,  eight  to  twenty-five. 

The  most  interesting  of  these  curves  have  to  do  with  the  dry  weight 
of  the  embryo  and  its  parallel,  the  organic  content  of  the  embryo.  These 
two  curves  are  so  similar  that  they  may  be  discussed  as  one.  The  ova 
are  shown  to  increase  in  weight  until  maturity,  then  upon  fertilization 
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at  30  the  increase  gradually  ceases  and  a  slight  decline  begins.  This  is 
ascribable  to  the  utilization  of  the  yolk  in  the  normal  metabolism  of  the 
embryo.  The  two  curves  differ  slightly  in  that  .  /  is  fitted  most  perfectly 
by  an  almost  straight  line  from  30  to  100  while  from  70  to  100  B  fits  a 
more  strongly  curved  one.  indicating  a  slight  increase  in  rate  of  yolk  con- 
sumption. />'  appears  more  reliable  than  A  as  the  weights  were  deter- 
mined with  greater  accuracy.  If  I),  the  ash  content,  were  added  to  />'. 
it  would  then  be  exactly  comparable  to  ./  and  would  more  nearly  show 
the  same  straight  line  picture. 

The  data  on  ash  content  are  not  of  much  significance,  being  almost 
within  the  error  of  the  determination.  At  a  maximum  it  is  but  a  little 
over  0.1  mg.  per  embryo.  It  does,  however,  suggest  that,  unlike  organic 
content,  mineral  salts  continue  to  increase  in  quantity  after  fertilization, 
being  taken  up  as  needed  by  the  embryo. 

As  the  yolk  decreases  and  the  ash  content  is  small,  the  obvious  in- 
crease in  volume  of  the  embryo  is  seen  to  be  due  to  absorption  of  water. 
I  luring  the  early  stages  of  egg  development,  the  percentage  of  water  is 
high  as  small  ova  shrink  easily  and  are  distorted  in  many  sections.  As 
the  deposition  of  oil  and  yolk  commences,  the  organic  material  ac- 
cumulates faster  than  does  the  water  so  that  water  content  falls  nearly 
to  50  per  cent,  which  it  approximates  until  60.  \Yhen  yolk  ceases  to  be 
laid  down,  the  percentage  of  water  is  increased  by  continued  absorption. 
This  absorption  continues  at  a  rate  of  increase  corresponding  to  the 
growth  of  the  embryo,  the  water  content  reaching  at  birth  about  84  per 
cent  of  the  total  weight.  Total  weight  represented  upon  Text  Fig.  2  by 
(  'urve  /:.  which  is  the  summation  of  />'.  ( '.  and  /'.  slio\v>  rapid  increase 
until  fertilization — the  period  of  yolk  secretion — then,  a  pause  followed 
by  a  notable  increase — the  period  of  water  absorption. 

DISCUSSION 

While  ordinarily  pregnancies  are  readily  classified  as  either  vivi- 
parous or  ovoviviparous,  it  is  not  always,  easy  in  practice  to  determine 
the  nutritive  status  of  the  embryos  without  obtaining  their  dry  weights 
at  various  stages. 

In  several  families.  Fmbiotocid;e  and  Zoarcida-.  the  young  feed 
upon  a  cellular  secretion  or  ovarian  milk  but  the  presence-  of  material 
within  the  follicles  or  the  lumen  does  not  si-em  entirely  diagnostic  of 
true  viviparity.  X iplio/^nn-iis.  a  distinctly  ovoviviparous  species,  has 
material  within  the  vilelline  membrane — the  vitelline  plug.  As  the 
LCl  nature  of  ibis  material  is  unknown,  little  can  be  said  other  than 
that  suspicion  might  be  thrown  upon  a  claim  concerning  the  nutritive 
status  of  a  teleost  embryo,  where  dependence  was  placed  upon  this 
criterion  al< 
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Absence  of  special  organs  of  absorption  in  the  embryo  does  not 
necessarily  indicate  the  ovoviviparous  condition ;  any  body  surface,  if 
somewhat  permeable,  may  function  as  a  pseudo-placenta.  In  the 
pcecilids  the  condition  of  sliuthlcps,  in  which  the  young  are  retained  and 
nourished  in  the  ovarian  lumen,  can  be  derived  from  that  of  Xipho- 
pJwrus  by  two  relatively  minor  changes:  (1)  a  continued  secretion  by 
the  follicular  cells  after  their  separation  from  the  ovum,  and  (2)  some 
membrane  of  the  embryo  remaining  permeable  to  certain  large  molecules 
such  as  those  of  fatty  acids  or  amino-acids. 

The  anatomy  of  the  ovary  of  Xiphophorus  shows  an  almost  sche- 
matically perfect  nutritive  relationship  between  parent  and  offspring. 
Within  the  peritoneal  investment  is  a  loose  cedematous  stroma,  prac- 
tically a  lymph  cavity,  in  which  the  follicles  lie  and  from  which  the 
young  ova  derive  nourishment  before  the  establishment  of  their,  fol- 
licular circulation.  The  blood  in  the  follicular  capillaries  seems  to  be 
separated  from  the  cavity  only  by  the  endothelium  and  the  squamous 
follicular  epithelium.  The  embryo  floats  free  in  the  follicular  cavity, 
surrounded  only  by  a  very  thin  vitelline  membrane.  Beneath  the  epi- 
dermis of  the  yolk-sac  is  a  dense  bed  of  large  blood  vessels  which  func- 
tion in  the  absorption  of  the  yolk.  This  arrangement  requires  a  mole- 
cule to  penetrate  four  layers  of  cells  and  the  vitelline  membrane  in 
passing  from  the  blood  stream  of  the  parent  to  that  of  the  embryo,  a 
separation  similar  to  that  found  in  many  mammalian  placentas.  Ap- 
parently Xiphophorns  fails  to  become  truly  viviparous  because  of  physio- 
logical rather  than  anatomical  inadequacies. 

The  spent  follicle  of  the  teleosts  is  at  times  compared  with  the  corpus 
luteum  of  the  mammalia  and  is  even  so  called  by  some  authors.  It  is 
customary  to  limit  the  term  to  such  ovulated  follicles  as  contain  that 
particular  sort  of  irregular  secretory  cells  known  as  lutein  cells. 

Cunningham  (1897)  describes  the  spent  follicles  of  the  plaice  and 
the  gray  gurnard,  both  oviparous  species.  He  finds  the  follicular  epi- 
thelium granular  and  separated  from  the  theca ;  it  shows  no  signs  of 
hypertrophy  or  proliferation.  In  late  stages  the  follicle  appears  as  a 
mass  of  connective  tissue,  which  he  thinks  is  most  probably  the  much 
shrunken  theca.  No  mention  is  made  of  any  secretory  activity  of  the 
follicle.  But  in  the  case  of  the  weever,  it  is  said  to  be  full  of  cellular 
tissue.  Wallace  (1903),  describing  the  spent  follicle  of  the  viviparous 
blenny,  Zoarccs,  states  that  on  rupturing  the  follicle  collapses  and  be- 
comes a  papilla  with  only  slight  hypertrophy  of  the  follicular  epithelium. 
This  papilla,  according  to  Stuhlmann  (1887),  secretes  the  ovarian  milk 
on  which  the  embryos  feed. 

In  XiphopJionis  we  find  a  hypertrophy  of  the  spent  follicle  and  of 
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thc  theca.  The  enlarged  follicular  cells  do  not  look  like  lutein  cells  but 
much  more  like  certain  endometrial  cells  than  like  anything  to  be  found 
in  mammalian  ovaries.  The  bulky  secretion,  which  fills  the  follicle,  can- 
not be  of  present  nutritive  use  as  the  embryos  are  already  delivered  and 
the  new  follicles  are  not  yet  open  to  the  lumen.  It  is  unlikely  that  this 
represents  only  a  retrogression  of  the  follicle  as  it  has  not  been  described 
for  oviparous  teleosts  nor  does  the  follicle  of  disintegrating  ova  go 
through  this  phase.  It  conceivably  might  serve  an  endocrine  function 
or  serve  to  activate  the  sperm  stored  in  the  cells  of  the  oviduct.  In  gen- 
eral Xiphoplwrns  agrees  with  other  teleosts  in  that  its  spent  follicles 
cannot  properly  be  termed  corpora  lutea. 

CONCLUSIONS  AND  RESU.MK 

1.  Xiplwphonis  is,  in  the  anatomy  of  its  female  reproductive  tract, 
very  similar  to  Gainlnisia  and  Glaridichthys. 

2.  External  dating  of  pregnancies  is  difficult,  as  body  proportions, 
markings,  and  scale  rings  were  found  to  be  non-diagnostic. 

3.  The  diameter  of  ova  and  length  of  embryos  serve  effectively  to 
•  late  ovaries  which  have  been  dissected. 

4.  Ovaries  can  also  be  assigned  approximately  to  position  from  sec- 
tions by  noting  the  degree  of  differentiation  of  organs  and  tissues  of 
the  embryos. 

5.  Ova  of  varying  size  and  yolk  content  can  be  found  in  the  normal 
ovary  at  any  stage  of  the  cycle  and  are  hence  of  no  value  in  dating 
pregnancies. 

6.  As  yolk  accumulation  commences,  the  height  of  the  follicular  cells 
decreases. 

7.  The  follicular  epithelium  of  a  young  ovum  reaches  its  greatest 
height  during  the  period  of  oil  secretion  before  yolk  granules  appear. 

8.  After   parturition   the   spent   follicles   collapse   and   hypertrophy, 
forming  thick  thecse  with  a  zone  of  capillaries  and  superficially  a  layer 
of  tall  columnar  cells  attached  to  each  other  only  at  the  base. 

9.  The  hypertrophied  follicle,  which  is  not  considered  directly  com- 
parable with  the  corpus  luteum  of  the  mammals,  secretes  and  sloughs. 
The  secretion  appears  as  a  crumpled  mass  of  membranes  and  passes 
into  the  lumen  of  the  ovary. 

10.  The  organic  content  increases   in   the  ovum  until   fertilization. 
From  there  on  it  becomes  steadily  less  as  it  is  used  up  by  the  growing 
embryo. 

1  1.  The  ash  content  appears  to  increase  throughout  the  entire  period 
gestation. 

1J.   Water   is  absorbed   in   ever   increasing   amounts   throughout   the 
entire  period  of  growth  of  ovum  and  embryo. 
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THE  ACTION  OF  THE  CRUSTACEAN  CHROMATOPHORE 
ACTIVATOR  ON  THE  MELANOPHORES  OF  FISHES 

AND  AMPHIBIANS 

P, EX.1 AM IX  KROPP  AND  EARLE  B.  PERKINS 

(From  the  Ml.  /V.\vr/  Island  Hiohijical  Laboratory  and  the  Zoological  Laf>onitory, 

Rutgers  University) 

In  addition  to  inducing  color  changes  in  the  crustaceans,  the  chro- 
matophore  activator  of  the  crustacean  eye-stalk  also  brings  about  con- 
traction of  fish  melanophores  (Roller  and  Meyer,  1930;  Meyer,  1931), 
and  expansion  of  amphibian  melanophores  (Perkins  and  Kn>pp.  1932). 
The  range  of  occurrence  and  effectiveness  of  the  eye  hormone  is  very 
wide  among  the  crustaceans,  undoubtedly  extending  throughout  the  class 
where  active  chromatophor.es  are  present  in  the  larval  or  adult  stages 
(Kropp  and  Perkins,  1933).  Concerning  the  action  of  the  crustacean 
eye  hormone  on  the  melanophores  of  fishes,  it  is  of  interest  to  know  the 
extent  to  which  this  substance  is  effective  and  the  nature  of  the  response 
by  the  fish  melanophores.  For  this  purpose  several  fishes  were  selected 
as  representative  of  the  local  fauna,  and  sea-water  extracts  of  various 
decapod  eye-stalks  were  injected  into  them.  The  procedure-  consisted  nf 
adapting  the  fishes  to  white  and  to  black  backgrounds,  noting  the  general 
coloring  of  the  fish  and  the  microscopic  appearance  of  the  melanophores. 
Measured  amounts  of  the  extract  were  injected  into  white-adapted  and 
into  black-adapted  specimens  and  the  fishes  returned  to  their  original 
Mack  or  white  containers.  Control  animals  in  each  group  received  a 
like  injection  of  sea  water. 

The  injections  were  made  for  the  most  part  snbcutaneously  just 
ventral  to  the  lateral  line  at  the  middle  of  the  body,  although  in  sonic 
cases  it  was  given  dhvctlv  into  the  blood  stream.  Since  no  assay  of  the 
active  substance  that  will  permit  the  use  of  closes  of  known  or  com- 
parable strength  has  yet  been  made,  the-  procedure  tentatively  adopted 
was  that  previously  outlined  (  Kropp  and  IVrkins.  1(>33)  of  making  the 
i|tiantity  of  extract  injected  eijuivalent  to  a  known  number  of  eye-stalks. 
I  wo  hundred  e\esta1k^  were  macerated  in  1  cc.  of  sea  water,  boiled, 
centrifuged  and  the  clear  extract  decanted  off.  The  latter  was  then 
diluted  with  sea  water  to  2  cc.,  thus  giving  a  solution  in  which  each 
0.01  cc.  contained  the  active  material  of  one  eye-stalk. 
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RESULTS 
Anguilla  rostrata 

When  about  fifteen  centimeters  long  this  eel  shows  a  large  number 
of  discrete  melanophores  that  are  easily  observable  with  low  magnifica- 
tion. It  showrs  also  the  usual  reactions  to  backgrounds, — melanophore 
expansion  on  black  and  contraction  resulting  in  pallor  on  white  back- 
grounds. The  reaction,  however,  is  relatively  slow,  for.  freshly  captured 
animals  may  take  as  long  as  ten  hours  to  show  the  characteristic  white- 
adapted  or  black-adapted  state,  although  some  specimens  may  adapt  in 
half  the  time.  When  they  can  be  induced  to  remain  motionless  the  rate 
of  adaptation  proceeds  more  speedily.  The  eels'  response  to  extracts 
from  the  eye-stalks  of  white-adapted  Crago  was  by  no  means  sharp. 
Injections  were  made  both  subcutaneously  and  directly  into  the  heart 
in  different  animals  without  any  detectable  difference  in  response.  The 
minimum  effective  dose  was  0.04  cc.  of  extract  representing  four  eye- 
stalks.  There  were  no  lasting  ill  effects  in  most  cases,  but  the  eels 
never  survived  more  than  twenty  hours  if  the  quantity  of  fluid  injected 
was  increased  to  0.05  cc.  although  uninjected  animals  could  be  main- 
tained in  the  laboratory  for  indefinite  periods. 

At  best  there  was  a  weak  though  definite  response  of  the  melano- 
phores to  the  injection.  In  three  to  five  minutes  after  injection,  black- 
adapted  eels  showed  a  slight  general  melanophore  contraction,  somewhat 
more  marked  in  the  region  around  the  place  of  injection.  There  was 
no  apparent  difference  between  animals  receiving  the  injection  sub- 
cutaneously and  those  receiving  it  directly  in  the  blood  stream.  The 
effect  obtained  was  always  very  transient  and  after  ten  to  fifteen  minutes 
the  animals  reverted  to  their  original  states. 

Clupea  liarengus 

In  the  black-adapted  state  the  herring  presents  a  fairly  uniform  dark 
metallic  blue  over  the  entire  dorsum  and  sides.  In  the  white-adapted 
state  the  blue  gives  way  to  a  deep  brown.  We  were  not  able  to  investi- 
gate the  pigmentary  conditions  actually  existing  in  the  skin  although  it 
is  apparent  that  some  of  the  color  phenomena  that  appear  are  due  to 
interference.  The  changes  from  one  state  to  another  take  place  rapidly 
and  never  require  more  than  one-half  to  one  hour.  The  venter  always 
retains  its  silvery  white  condition. 

The  minimum  dose  inducing  an  effect  was  ten  eye-stalks  (0.4  cc.  of 
fluid  used).  In  a  black-adapted  herring  the  effect  of  the  extract  was  to 
bring  on  a  local  change  at  the  place  of  injection.  This  change  took  the 
form  of  intensifying  the  blue  characteristic  of  the  black-adapted  state. 
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It  occurred  within  live  minutes  after  the  injection  and  after  ten  minutes 
this  effect  disappeared  and  no  general  effect  was  ever  noted.  In  white- 
adapted  animals,  however,  thirty  minutes  after  the  extract  was  injected 
the  entire  dorsum  of  the  animal  was  blue-green  and  approximated 
closely  the  black-adapted  state.  The  controls  were  injected  with  sea 
water,  the-  black-adapted  controls  showing  no  ct'tYct.  while  the  white- 
adapted  control*  took  on  a  mottled  blue-green  Mate  after  one  hour. 
Although  the  responses  of  both  experimental  and  control  white-adapted 
animals  were  alike  in  many  respects,  there  were  some  striking  differ- 
ences, —  namely,  the  slowness  of  the  reaction  in  controls,  one  hour  com- 
pared to  one-half  hour  in  the  extract-injected  animals,  and  the  presence 
in  controls  oi  a  pronounced  mottling  and  never  the  uniform  dark  blue- 
green  of  the  experimental  animals.  These  differences  in  reaction  are 
regarded  as  due  to  the  presence  of  the  chromatophore  activator  in  the 
experimental  group.  Blue  and  blue-green  color  of  sides  and  dorsum 
are  assumed  to  be  associated  with  a  condition  of  melanophore  expansion. 

Pollachius  vircns 

The  ability  of  the  pollock  to  adapt  to  its  background  is  not  highly 
developed.  After  several  hours  on  a  white  back-round  there  was  a 
suggestion  of  pallor  over  the  back  and  sides,  but  marked  differences  in 
pigmentation  were  never  observed.  The  injection  of  the  extract  also 
yielded  no  changes  either  in  gross  coloration  or  in  the  microscopic  ap- 
pearance of  the  melanophores.  Doses  of  twenty  eye-stalks  failed  to 
induce  an  effect  in  either  black-adapted  or  white-adapted  animals, 
whether  the  injections  were  made  subcutaneously  or  bv  way  of  the 
caudal  artery. 

Scomber  scoinhrns 

The  mackerel,  unlike  the  pollock,  shows  a  marked  difference  be- 
tween the  white-adapted  and  black-adapted  states.  In  the  former,  black 
barring  of  back  and  sides  is  sharp  and  the  spaces  between  bars  are  pale 
green-blue.  In  the  latter,  the  intermediate  spaces  are  blue-black  to 
dark  green  or  gray-black.  The  change  from  one  condition  to  the  other 
occurs  readily  in  fifteen  to  twenty  minutes.  Like  the  pollock,  however, 
this  fish  did  not  react  to  injections  of  extracts  of  as  many  as  twenty 
eye-stalks. 

1'undulus 


For  the  minnow,  J:mi(lulns.  extracts  from  eyes  of  Homarus  amcri- 
cunits  and  I'di/urus  longicarpus  were  vised  in  place  of  that  from  Crago. 
Men-  punctnrr  of  the  skin  and  underlying  mu.scle  while  making  an 
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injection  usually  resulted  in  the  formation  of  a  local  spot  of  expanded 
melanophores  due  to  the  stimulation  of  a  peripheral  pigment  motor 
nerve.  Darkening  due  to  such  a  stimulus,  however,  could  always  be 
detected  promptly  by  the  characteristic  rapidity  with  which  the  effect 
occurred, — it  was  almost  instantaneous.  When  a  black-adapted  Fun- 
dulus  was  injected  with  an  extract  of  ten  eyes  of  either  Hoinunis  or 
Pagurus,  there  usually  occurred  first  the' just  mentioned  local  area  of 
expanded  melanophores.  After  five  to  fifteen  minutes  there  supervened 
a  condition  in  which  the  melanophores  of  this  area  contracted  gradually 
until  they  were  maximally  contracted. 

When  a  needle  was  simply  thrust  through  the  skin  and  muscle  but 
no  extract  injected  the  same  melanophore  expansion  resulted  locally, 
but  this  lasted  for  five  to  twenty  hours  before  again  assuming  the  condi- 
tion of  the  other  body  melanophores.  The  rapid  contraction  of  the  ex- 
panded melanophores  of  this  region  is  to  be  ascribed,  therefore,  to  the 
ability  of  the  crustacean  eye  hormone  to  overcome  the  counter  tendency 
of  mechanico-nervous  stimulation. 

The  area  of  contracted  melanophores  increased  somewhat  in  size 
depending  on  the  strength  of  extract  injected.  General  pallor,  however, 
was  brought  about  only  by  means  of  a  large  dose  which  also  induced 
serious  ill  effects  and,  in  most  cases,  death.  In  one  instance  where  an 
extract  of  twenty  Pagurus  eye-stalks  was  injected  into  a  black-adapted 
Fundulus  evidence  of  pallor  first  appeared  after  ten  minutes.  The 
pale  patch  at  the  place  of  injection  then  increased  rapidly  in  size  and 
the  fish  at  the  same  time  showed  pronounced  ill  effects  of  the  extract. 
It  gasped,  lay  on  its  side,  and  its  movements  were  distinctly  abnormal. 
It  survived  for  some  fifteen  hours  after  the  injection,  and  during  that 
time  the  pale  area  was  extended  to  include  the  entire  animal  except  for 
the  dorsal  and  lateral  surfaces  of  the  head  which  remained  black.  In 
sub-lethal  doses,  then,  the  effect  was  to  produce  an  area  of  contracted 
melanophores  at  the  place  of  injection. 

Before  the  first  melanophore  expansion  due  to  nerve  stimulation 
wore  off  there  occurred  normally  a  sharp  melanophore  contraction  in 
the  center  of  the  area  which  spread  peripherally  until  most  of  the 
melanophores  in  the  entire  area  were  contracted.  It  occurred  in  both 
black-adapted  and  white-adapted  animals  but  was  best  seen  in  the 
latter.  Here,  the  puncture  produced  an  initial  darkening,  wrhich  soon 
gave  way  to  pallor  until  there  remained  only  a  narrow  band  of  ex- 
panded melanophores  surrounding  a  region  of  maximally  contracted 
ones.  In  most  cases  the  contracted  melanophores  remained  so  for  about 
two  hours,  but  the  area  did  not  increase  in  size  after  the  first  fifteen 
minutes.  With  doses  approaching  the  lethal  the  just  described  effect 
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was  produced  hut  the  reacting  melanophores  then  failed  to  revert  to 
their  expanded  or  stellate  condition  and  acted  subsequently  as  though 
paralyzed,  and  in  sonic  cases  were  known  to  have  been  killed. 

Myoxocephalits  octodecimspinosus 

The  long  horn  sculpin  adapts  very  readily  to  backgrounds  and  also 
tends  to  adapt  t"  the  pattern  of  its  background  after  the  fashion  of 
flat  fishes.  Injection  of  extract  of  ten  eye-stalks  of  Crago  into  both 
black-adapted  and  white-adapted  animals  resulted  in  increased  pallor 
all  over  the  body.  The  marked  local  reactions  characteristic  of  other 
species  were  here  lacking  in  most  specimens.  The  reaction  set  in  five 
minutes  after  injection  and  disappeared  after  one  hour.  During  the 
time  that  the  extract  was  effective  there  was  complete-  loss  of  ability 
to  adapt  to  background  and  to  pattern.  The  controls  showed  no  re- 
sponse. 

I  Amanda  fcrriKjlnca 

While  the  common  dab  adapts  to  backgrounds  and  to  background 
patterns,  it  docs  not  do  so  with  the  same  case  and  speed  characteristic 
of  other  flat  fishes.  lAmanda  was  able  to  survive  a  maximum  dose  of 
fifteen  Crat/o  eyes,  and  ten  to  fifteen  minutes  after  the  injection  both 
black-  and  white-adapted  animals  exhibited  a  weak  tendency  towards 
melanophore  contraction  at  widely  separated  parts  of  the  hotly,  but 
specially  at  the  place  of  injection.  This  is  in  line  with  the  results 
obtained  by  Miss  Meyer  (1931)  with  extracts  of  Cramjon  eyes  on 
I'li-uronccti-s,  but  she  describes  a  more  marked  local  reaction  than  we 
were  able  to  obtain.  It  may  well  be,  however,  that  the  difference  in 
results  is  due  to  a  quantitatively  inferior  pigmentary  reaction  in  1  Amanda. 
\  'nlikc  M  \o.\-occphalus.  the  extract  did  not  produce  a  loss  of  ability 
on  the  part  of  lAmanda  to  adapt  to  its  background  pattern. 

Rana  clamitans 

Previously  the  tadpoles  of  this  frog  were  described  as  responding 
to  injection  of  e\e-stalk  extracts  from  I'lilicnunh-fi's  i'id<iaris  and  ('<;/- 
linectes  SCtpidus  by  melanophore  expansion  (  I'erkins  and  Kropp.  1'MJ). 
In  repeating  those  experiments  with  extracts  from  I'tii/nrus  longicarpns 
1  /Ioniums  (inicricaiiKS  effects  identical  with  those  pre\ioiisly  de- 
scribed were  obtained.  Kxtract  of  two  eyes  of  either  of  these  crus- 
taceans  was  sufficient  to  induce  melanophore  expansion  in  white-adapted 
tadpoles  five  minutes  after  injection.  Maximum  expansion  was  reached 
after  twentv  to  thirtv  minutes.  Contraction  began  immediately  and 
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the  original  white-adapted  state  was  reached  again  one  hour  after  the 
injection. 

It  was  very  striking  to  find,  as  we  had  in  the  case  of  Call'mectes, 
that  decapods  which  do  not  ordinarily  show  adaptive  color  changes  or 
any  chromatophore  movements  at  all  in  response  to  backgrounds 
(Homarus,  Libinia,  Pagurus}  all  possess  the  active  principle  in  their 
eye  stalks.  This  is  possibly  a  retention  in  the  adult  of  a  mechanism 
which  is  active  in  the  larva  where  the  chromatophores  are  mobile.  The 
hormone  of  such  crustaceans  was  found  to  be  effective  in  producing 
chromatophore  movements  not  only  in  other  crustaceans,  but.  as  shown 
in  the  present  work,  in  fishes  and  amphibians  as  well. 

TABLE  I 


Species  receiving  injection 


Eye-Stalk  Extract 


Black-adapted 


White-adapted 


A  nguilla  rostrata . 
Clupea  harengus . 


Pollachius  mrens .... 
Scomber  scombrus  .  .  . 
Fundulus  heteroditus. 
Myoxocephalus 

octodecimspinosus . 
Limanda  ferruginea. . 


Ran  a  clamitans  (tadpoles) 


Slight  contraction 

No-  response   or   doubtful 

expansion 
No  response 
No  response 
Extreme  contraction 

Moderate  contraction 
Slight  contraction 

Moderate  expansion 


No  response  or  slight  con- 
traction 
Moderate  expansion 

No  response 
No  response 
Moderate  contraction 

Moderate  contraction 
No  response  or  slight  con- 
traction 
Extreme  expansion 


The  extracts  used  were  from  eye-stalks  of  white-adapted  Crago  vulgarls  in 
the  cases  of  Anguilla,  Clupea,  Pollachius,  Myoxocephalus,  and  Limanda;  from 
Pagurus  longicarpus  and  Homarus  americanus  in  the  cases  of  Fundulus  and  Rana. 
The  terms  "  black-adapted  "  and  "  white-adapted "  refer  to  the  condition  of  the 
animal  receiving  the  injected  extract.  The  number  of  eye-stalks  represented  in 
the  extract  injected  into  each  species  is  stated  in  the  text.  All  controls  received 
a  corresponding  amount  of  sea  water,  except  Rana  which  received  0.7  per  cent 
NaCl  solution.  All  controls  gave  no  response. 

It  is  apparent  from  these  results  that  the  action  of  the  crustacean 
eye  hormone  on  fish  melanophores  is  to  bring  about  contraction.  The 
case  of  Clupea  is  at  first  sight  an  exception,  but  we  cannot  yet  regard  it 
definitely  so  because  of  lack  of  accurate  information  as  to  the  normal 

v> 

processes  of  pigment  cell  change  involved  in  adaptation  to  backgrounds. 
All  other  reactions  were  clear-cut  enough  to  be  regarded  as  melano- 
phore  contraction  due  to  the  injection  of  the  eye  hormone.  The  re- 
sponse of  Rana  clamitans  tadpoles  also  is  confirmatory  of  previous 
work. 
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It  had  lung  been  supposed  that  color  changes  in  fishes  were  due 
entirely  to  the  influence  of  the  nervous  system  acting  directly  upon  the 
chromatophores  and  that  all  observed  chromatic  phenomena  were  ac- 
countable for  on  that  l>a>i>.  by  the  function  of  the  central,  peripheral, 
and  sympathetic  nervou-  -v.-tems.  This  view  was  the  inure  firmly  held 
since  the  innervation  of  fish  chromatophores  bad  been  demonstrated 
anatomically  by  I'.allowit/  in  1893.  Melanophores  of  fishes  were  later 
found  to  respond  to  the  secretions  of  the  adrenal  and  pituitary  gland-. 
but  the  latter  were  not  regarded  as  essentially  necessary  for  normal 
pigmentary  changes  in  fishes.  Jn  amphibians,  on  the  other  hand,  it 
appeared  that  endocrine  secretions  controlled  pigmentary  changes  in 
very  large  part,  if  not  entirely:  while  among  the  reptiles  both  nervou^ 
and  endocrine  factors  were  believed  to  be  the  governing  factors.  With 
the  establishment  of  the  importance  of  humoral  substances  in  amphibian 
color  change.-,  reinve.-tigation  of  the  situation  in  fishes  revealed  that 
while  the  central  and  sympathetic  nervous  systems  undoubtedly  play  a 
large  part  in  chromatophore  reactions,  all  observed  phenomena  are  by 
no  means  accounted  for  entirely  on  that  basis.  The  evidence  for  tin- 
view  has  recently  been  reviewed  by  Parker  (1932).  The  results  here 
described  lend  weight  to  the  view  that  humoral  factors  are  involved  in 
producing  color  changes  in  fishes,  and  that  the  response  to  a  humoral 
substance  from  an  invertebrate  suggests  a  more  general  susceptibility 
to  internal  secretions  than  was  first  indicated  by  the  reaction  to  their 
own  or  other  vertebrate  endocrines. 
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SUPRAVITAL  STUDIES  ON  THE  COLORED  CORPUSCLES 
OF  SEVERAL  MARINE  INVERTEBRATES 

ALDEN  B.  DAWSON 

(From  the  Zoological  Laboratories,  Harvard  University  and  the  Marine  Biological 
Laboratories,  Woods  Hole,  Massachusetts') 

One  of  the  most  distinctive  cytological  features  of  the  vertebrate 
erythrocyte  is  the  characteristic  reaction  of  its  cytoplasm  on  exposure  to 
appropriate  concentrations  of  such  vital  dyes  as  neutral  red  and  brilliant 
cresyl  blue.  As  a  result  of  this  reaction  the  basophilic  substance  of  the 
red  blood  cell  is  precipitated  and  aggregated  to  produce  the  so-called  pat- 
terns of  reticulation.  The  reticulation  reaction  occurs  only  in  the  ery- 
throcytic  series  and  seems  to  be  definitely  associated  with  the  synthesis 
of  the  respiratory  pigment,  hemoglobin.  The  basophilic  substance 
reaches  a  maximum  in  the  early  stages  of  hemoglobin  formation  and,  as 
the  concentration  of  hemoglobin  within  the  differentiating  erythrocyte 
increases,  the  basophilic  or  reticular  material  decreases.  In  the  mature 
cells  of  the  mammals  this  substance  entirely  disappears,  while  in  other 
vertebrates  it  persists  to  varying  degrees  depending  on  the  relative  de- 
gree of  differentiation  attained  by  the  erythrocytes. 

In  several  of  the  invertebrates  also,  respiratory  pigments,  either 
hemoglobin  or  hemerythrin,  are  found  within  special  cells  of  the  circulat- 
ing blood  or  body  fluids.  It  seemed  of  interest,  accordingly,  to  study 
the  reaction  of  the  invertebrate  colored  corpuscles  to  vital  dyes  in  order 
to  ascertain  whether  the  reticulation  reaction  was  specific  for  vertebrate 
red  blood  cells  or  was  characteristic  also  of  similar  cells  of  invertebrates. 

In  this  study  four  different  species  were  utilized :  Phascolosoiint 
gouldi  (Pourtales),  a  gephyrean  worm;  Give  era  dibranchiata  Ehlers,  a 
polychaete  worm;  Thy  one  briar  CHS  (Lesueur),  a  holothurian ;  and  Area 
transvcrsa  Say,  a  mussel.  The  corpuscles  of  Phase olosoma  contain 
hemerythrin  while  those  of  the  three  others  contain  hemoglobin.  Supra- 
vital  preparations  were  made  by  the  dry  dye-film  method  (Dawson, 
1932),  using  neutral  red  alone,  neutral  red  in  combination  with  Janus 
green  B,  and  brilliant  cresyl  blue.  Smears  stained  by  Wright's  method 
were  also  successfully  prepared,  but  the  initial  application  of  the  un- 
diluted dye  was  prolonged  to  three  or  four  minutes  followed  by  a  brief 
differentiation  in  the  diluted  dye. 
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PIIASCOI.OS.OMA  c.on.ni 

In  this  form  the  body  cavity  is  relatively  vtihiminous  and  contains  a 
large  amount  of  corpusculated  fluid.  This  was  readily  drawn  off  from 
unanesthetized  animals  by  means  of  a  small  hypodermic  needle.  The 
fluid  is  a  pale  rose  color,  due  to  the  presence  of  numerous  hemerythrin- 
containing  cells  suspended  in  the  colorless  plasma.  The  body  fluid  also 
contains  numerous  ova  or  spermatozoa.  Since  the  activity  of  the 
spermatozoa  makes  supravital  observations  almost  impossible,  females 
were  used  in  this  study. 

The  corpuscles  usually  appear  circular  in  outline  and  vary  widely  in 
diameter.  When  viewed  on  edge  (Figs.  7,  8)  they  are  seen  to  be 
relatively  thick,  slightly  biconvex  discs.  The  variation  in  size  could  not 
be  correlated  definitely  with  the  degree  of  maturity  of  the  cells  since 
very  large  cells  were  observed  with  low  concentrations  of  hemerythrin 
and  vice  versa.  The  variations  in  intensity  of  the  pigmentation  of  the 
cells  may  also  be  due  in  part  to  varying  degrees  of  reduction  of  the 
hemerythrin. 

Owing  to  the  density  of  the  hemerythrin,  distributed  uniformly 
throughout  the  cell,  the  nucleus  can  rarely  be  distinguished  in  fresh,  un- 
stained preparations.  Numerous  fine  granules,  either  colorless  or  light 
yellow,  are  seen  in  the  interior  of  the  cell.  They  may  exhibit  Brownian 
movement,  (')thcr  large,  colorless,  more  refractile  vacuoles  or  globules 
may  also  be  recognized.  In  dry-fixed  smears  stained  by  Wright's 
method  the  granules  take  a  basophilic  tint  while  the  large  vacuoles  ap- 
pear distorted  and  empty.  Both  bodies  tend  to  be  grouped  about  the 
small  nucleus  which  occupies  an  eccentric  position  in  the  cell  (Figs.  1 
and  2).  When  stained  supravitally  with  neutral  red,  the  small  granules 
are  deep  red  while  the  vacuoles  remain  uncolored  (Fig.  3).  When 
Janus  green  B  is  added  numerous  granular  mitochondria  are  seen  dis- 
tributed irregularly  throughout  the  cytoplasm  (  Fig.  4). 

The  most  striking  staining  patterns  are  produced  with  brilliant 
rresyl  blue  applied  supravitally  in  concentrations  high  enough  to  stain 
the  nucleus.  The  latter  then  appears  light  blue,  the  granules  dark  blue, 
and  the  vacuoles  light  pink.  In  addition  a  fine,  llocculent.  violet -colored 
material  appears  in  the  cytoplasm  I  Fi-s.  5  and  (>).  This  eventually  be- 
come^  aggregated  into  more  or  less  definite  strands  or  filaments  re- 
sembling closely  the  patterns  <,f  reticulation  which  can  be  produced  by 
the  same  staining  method  in  the  erythrocytes  nt~  vertebrates.  The  pink 
reaction  of  the  large  vacuoles  \\ith  brilliant  crcsyl  blue  suggeMs  that 
they  are  fat  vacuoles.  No  induction  or  neo-formation  of  bodies  stain- 
able  with  neutral  red  was  obtained  even  after  Ion-  exposure  to  vital  dyes. 
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GLYCEKA  DIHRANCIIIATA 

Glyccra  lacks  a  definite,  organized  circulatory  apparatus  and  the 
hemolymph  with  the  suspended  corpuscles  is  readily  obtained  by  aspira- 
tion directly  from  the  body  cavity.  The  corpuscles  are  relatively  large 
and  have  the  form  of  thin,  slightly  biconcave  discs  (Fig.  12).  They 
are  usually  circular,  occasionally  oval,  in  outline.  In  fresh,  unstained 
preparations  the  hemoglobin  is  seen  to  be  uniformly  distributed  through- 
out the  cell,  usually  in  sufficiently  high  concentrations  to  completely  mask 
the  nucleus.  Three  different  types  of  cytoplasmic  inclusions  can  be 
identified  without  staining :  several  small  yellow  or  orange  granules, 
one  or  two  large  highly  refractile  globules,  and  numerous  small  vacuoles. 

In  dry-fixed  smears  stained  by  Wright's  method  a  small,  spherical, 
chromatic  nucleus,  usually  eccentrically  placed,  may  be  seen.  Occasional 
cells  are  bi-nucleated.  The  yellow  and  orange  granules  are  basic  in  re- 
action and  appear  as  black,  brown,  or  blue  bodies.  The  large  refractile 
globules  and  small  vacuoles  are  clear  and  uncolored. 

After  supravital  staining  with  neutral  red  the  colored  granules  ap- 
pear deep  red  or  brown.  The  large  refractile  bodies  are  light  yellow 
and  the  small  vacuoles  are  unstained  (Fig.  9).  With  brilliant  cresyl 
blue  the  colored  granules  are  blue-black  and  the  large  globules  pink.  In 
addition  to  these  inclusions  recognizable  in  fresh  cells,  brilliant  cresyl 
blue  also  reacts  to  produce  two  additional  inclusions.  Clusters  of  red- 
dish-brown, needle-like  crystals  appear  first ;  later  a  diffuse  violet  floc- 
culation,  which  eventually  changes  into  an  irregular  filamentous  pattern, 
is  also  discernible  (Fig.  11).  The  nature  of  the  induced  crystals  was 
not  determined.  They  may  represent  crystals  of  hemoglobin  or  hematin. 
The  reddish-brown  color  is  probably  due  to  the  addition  of  some  com- 
ponent of  the  metachromatic  brilliant  cresyl  blue  to  the  original  color  of 
the  crystals.  The  filamentous  structures  appear  to  be  homologous  with 
the  reticulation  patterns  of  vertebrate  erythrocytes.  Janus  green  B  dem- 
onstrates numerous  small,  granular  bodies  scattered  throughout  the  cell 
and  these  have  been  identified  as  mitochondria  (Fig.  10).  The  large 
refractile  globules  are  probably  fat,  but  the  nature  and  significance  of 
the  numerous  small  vacuoles  within  the  corpuscles  is  problematic. 

THYONE  BRIAREUS 

Hemolymph  containing  suspended  corpuscles  can  be  obtained  di- 
rectly from  the  perivisceral  fluid  of  living  animals  by  simple  aspiration 
with  a  hypodermic  needle.  However,  the  corpuscles  were  found  to  be 
more  numerous  in  the  Polian  vesicles  (Van  der  Heyde,  1922;  Kawamoto, 
1927)  and  in  most  instances  the  cells  studied  were  obtained  from  this 


236  ALDEN  B.  DAWSOX 

source.  The  neck  of  the  vesicle  was  lightly  grasped  by  a  pair  of  flat 
forceps,  the  vesicle  clipped  free  with  scissors  and  transferred  to  the  slide 
where  it  was  ruptured  by  pricking  with  a  needle. 

The  corpuscles  are  circular  in  outline  and  have  the  form  of  thin, 
slightly  biconvex  discs.  In  fresh,  unstained  cells  the  most  conspicuous 
cytoplasmic  inclusions  are  bright,  yellowish-brown  granules.  They  are 
relatively  large  and  are  found  to  vary  in  number.  (  )ccasionally  they  are 
entirely  absent  but  usually  one.  two,  or  three,  rarely  four,  are  found. 
The  hemoglobin  is  uniformly  distributed  throughout  the  cytoplasm  with 
the  exception  of  a  narrow,  peripheral  zone,  and  the  nucleus  is  usually 
invisible.  The  peripheral  zone  lacking  hemoglobin  appears  alveolar  in 
optical  sections  of  the  corpuscle  (Fig.  16)  ;  with  high  focus  the  surf  act 
of  the  cell  appears  pebbled,  being  studded  with  small,  closely  packed 
vacuoles  (Fig.  17). 

After  \Yright's  stain  on  dry-fixed  smears  a  small,  spherical  nucleus 
is  visible.  It  usually  lies  away  from  the  center  of  the  cell  (Figs.  13  and 
14).  The  colored  granules  are  cither  unstained  or  appear  brownish- 
black.  The  latter  appearance  is  interpreted  as  evidence  of  a  slight 
basophilia.  Small  colored  spherules,  lacking  nuclei  and  staining  with 
eosin,  also  occur  rather  frequently.  They  may  or  may  not  contain  a 
colored  granule  (Fig.  15).  They  are  probably  identical  with  the  minute 
corpuscles  of  Kawamoto  (1927),  who  regards  them  as  being  devoid  of 
hemoglobin.  The  cytoplasm  of  the  corpuscles  stains  intensely  with 
eosin  except  for  a  narrow,  peripheral  /one.  This  represents  the  alve- 
olar border  seen  in  fresh  cells;  in  dry-fixed  cells  tin-  alveolar  feature 
was  not  evident.  A  similar  unstained  surface  /one  was  described  by 
Kawamoto  (1927)  for  the  corpuscles  of  Caiitliun  cliilrusis. 

The  colored  cytoplasmic  granules  stain  intensely  with  both  neutral 
red  and  brilliant  cresyl  blue  and  in  old  preparations  show  active  Brown  - 
lan  movement.  Mitochondria  arc  readily  demonstrated  with  Janus 
green  P..  They  appear  granular  at  first,  but  as  the  preparation  ages 
and  P.rownian  activity  becomes  more  marked  they  arc  seen  to  be  short 
rods  oriented  at  right  angles  to  the  llattened  surfaces  of  the  cell.  How- 
ever. the  rod-like  nature  is  apparent  only  when  their  normal  orientation 
is  disturbed  by  lirowniau  movement.  As  in  I'liuscolnsdinn  and  (/7y<vr<7. 
high  concentrations  of  brilliant  cresyl  blue  cause  a  definite  filamentous 
structure  to  appear  throughout  the  otoplasm  ('Fig.  IS).  This  also  has 
the  characteristic  reddish-  violet  tint.  No  fat  globules  or  other  vacuoles 
were  observed  in  the  corpuscles  of 


I  KANSVKKSA 

\Yhcn  the  valves  of  a  specimen  of  Area  are  separated  there  is  usu- 
ally a  considerable   collection   of    red    lluid    to   be   found   in   the   mantle 
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cavity.  This  is  described  by  Cuenot  (1891)  as  being  forced  out  of  the 
circulation  by  the  contraction  of  the  large  sinus  of  the  foot.  Hemo- 
lymph  may  also  be  obtained  by  breaking  through  the  shell  in  the  region 
of  the  umbo  and  aspirating  fluid  directly  from  the  cardiac  region. 

The  corpuscles  of  Area  are  relatively  small  and  either  circular  or 
oval  in  outline.  When  viewed  on  edge  they  are  seen  to  be  extremely 
thin,  slightly  biconvex  discs.  The  hemoglobin  is  uniformly  distributed 
throughout  the  cytoplasm  and  the  nucleus  can  rarely  be  distinguished  in 
fresh  cells.  The  only  visible  cellular  inclusions  in  unstained  prepara- 
tions are  numerous  yellow-brown  granules  of  irregular  size  and  shape 
which  exhibit  varying  degrees  of  Brownian  activity. 

After  Wright's  stain  a  small,  spherical  nucleus,  generally  eccentric, 
is  visible  (Figs.  19  and  20).  The  colored  granules  are  conspicuous  on 
the  eosinophilic  background  and  usually  do  not  react  appreciably  with 
any  component  of  Wright's  stain.  In  some  preparations  they  appear 
brownish-black,  probably  indicative  of  a  slight  degree  of  basophilia. 
The  granules  stain  deeply  with  supravital  applications  of  neutral  red. 
They  also  appear  to  lose  their  irregular  outline  and  become  spherical  on 
long  exposure  to  the  dye.  After  assuming  the  spherical  form  they  may 
increase  in  size,  but  no  new  staining  loci  appear  within  the  cell  (Fig.  21 ). 
It  is  not  entirely  clear  whether  the  granules  actually  change  form  or  are 
completely  obscured  by  a  densely  stained  vacuole  which  develops  about 
them.  In  old  preparations  in  which  the  corpuscles  have  lost  much  of 
their  hemoglobin  the  stainable  bodies  are  less  densely  colored  and  a 
small  refractile  center  can  be  distinguished  within  them,  suggesting  that 
the  material  of  the  granule  has  partially  dissolved  in  the  fluid  of  the 
enveloping  vacuole. 

Janus  green  B  brings  out  a  variable  number  of  small,  peri  nuclear 
bodies  which  appear  either  as  granules  or  short  rods.  These  are  in- 
terpreted as  mitochondria  (Fig.  22).  With  brilliant  cresyl  blue  the 
irregular  granules  take  a  deep  blue  stain  and  round  up  as  after  treat- 
ment with  neutral  red.  In  the  early  stages  of  staining  a  fine,  granular 
material  is  seen  scattered  throughout  the  cell  (Fig.  23)  but  later  this  is 
aggregated  into  rather  indefinite,  irregular  filaments  (Fig.  24). 

The  corpuscles  of  Area  are  quite  sensitive  to  changes  in  the  osmotic 
pressure  of  the  medium  in  which  they  are  suspended  (Sato,  1931),  and 
typical  crenation,  of  the  thorn-apple  type  encountered  in  vertebrate  ery- 
throcytes,  is  readily  produced  (Fig.  25).  Crenated  corpuscles  fre- 
quently rupture  and  one  or  several  balloon-like  formations  may  appear 
on  their  surfaces  (Figs.  26  and  27).  So  far  as  could  be  determined, 
only  the  more  fluid  contents  of  the  corpuscle,  including  the  hemoglobin, 
enter  the  bud-like  protuberances,  the  colored  granules  and  nuclei  al- 
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PLATE  1 

All    figures   were   outlined   at    the    .same    magnification    (1200    diameters)    by 
means  of  a  camera  lucida.     Cells  were  selected  to  show  the  range  in  size  within 
each  species. 
Pluiscolosoma  gouldi: 

1  and  2.  Corpuscles  from  a  dry-fixed  film  stained  by  Wright's  method  show- 
ing eccentric  nucleus,  basophilic  cytoplasmic  bodies,  and  unstained  globules  or 
vacuoles. 

3.  Fresh    corpuscle    stained    supravitally    with    neutral     red.     The    basophilic 
bodies   (black)  stain  intensely  while  the  clear  globules  are  uncolored. 

4.  Fresh   corpuscle    stained   supravitally   with   Janus   green    B    showing   mito- 
chondria. 

5  and  6.  Fresh  corpuscles  stained  supravitally  with  brilliant  cresyl  blue  show- 
ing the  basophilic  bodies  (black)  stained  deep  blue,  the  clear  globules  stained 
pink,  and  the  reticulation  filaments  stained  violet. 

7  and  S.  Fresh  corpuscles  seen  on  edge. 
Glyccra  dibranchiata: 

9.  Fresh    corpuscle    stained    supravitally    with    neutral    red.     Bodies     (black) 
which  were  yellow  or  orange  in  unstained  cells  were  colored  deep  red.     Large  clear 
refractile  globules    (gray)    stained   yellow.     Numerous   small   clear   vacuoles   were 
uncolored. 

10.  Fresh    corpuscle    stained    supravitally    with   Janus   green    B    showing    only 
mitochondria. 

11.  Fresh  cell  stained  supravitally  with  brilliant  cresyl  blue.     The  nucleus  was 
colored   light    blue.     The   small   bodies    (black)    were   deep    blue,    the   two   larger 
globules    (gray)    pink,    and    the    reticulation    filaments    violet.     Violet    needle-like 
crystals  also  appear  after  treatment  with  brilliant  cresyl  blue. 

12.  Fresh  corpuscle  seen  on  edge. 
riiyouc  hriarcns: 

13.  14,  and  15.  Corpuscles  from  a  dry-fixed  film  stained  by  Wright's  method. 
Refractile  bodies,  colorless,  yellow  or  brown  in   fresh  cells,  give  a  basic  reaction. 
Fig.  15  shows  a  small,  non-nucleated  corpuscle. 

16.  Fresh  corpuscle  stained  supravitally  with  neutral   red  and  Janus  green  B 
showing  the  refractile  bodies   (black)   which  were  deep  red  and  the  mitochondria 
(gray).     This  corpuscle  is  shown  in  optical  section  to  demonstrate  the  vacuolated 
or  alveolar  periphery. 

17.  Fresh  corpuscle  at  high    focus  to  show  the  pebbled  or  vacuolated  appear- 
ance of  the  surface  of  the  cell. 

18.  Fresh   corpuscle   stained    supravitally    with   brilliant    cresyl    blue:    nucleus. 
iit   blue;   nuclcohis,   deep   blur;    refractile   bodies,   purple   or   deep  blue,   and  the 

reticulation  filaments,  violet. 


19  and  20.  Corpuscles  from  a  dry-fixed  film  stained  by  Wright's  method. 
The  cells  contain  irregular,  yellow  or  brown  granules  which  give  a  slightly  basic 
reaction. 

21.  Fresh    corpuscle    stained     supravitally    with    neutral     red.     The    refractile 
bodies  -.tain  intensely  with  neutral  red  and  become  spherical  in  form. 

22.  Fresh    corpuscle    stained    with    Janus    green    B    showing    only    the    mito- 
chondria. 

23.  Fresh  corpuscle  stained   with  brilliant  cresyl   blue  showing   the  early  floc- 
cule  '-..rations  induced  by  the  action  of  the  dye. 

24.  Fn-sh   eorpusele   stained    with   brilliant   cresyl   blue   showing   the   later   fila- 

rm      i    the   reticulation   substance.     The   refractile  granules   stain   deep 
blue  and  round  up  as  with  neutral   red. 

25.  Cn-natcd  corpuscle  from  a  fresh  preparation. 

Rupture  of  a  crenated  corpuscle.     The  nucleus  and  refractile  granules  re- 
main in  the  |»  >dy  of  the  cell  while  the  hemoglobin  enters  the  balloon-like  extension. 

27.  Same  as  above  hut  with  three  such  extensions. 

28.  2'».  and  30.   Similar  cells  after  18  hours  in  a  sealed  preparation.     Most  of 
the   hemoglobin   ha     been    lost,   revealing   the   delicate   investing  membrane  of   the 
Cellular  extensions. 
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ways  remaining  in  the  main  portion  of  the  cell.  After  supravital  stain- 
ing with  brilliant  croyl  blue  the  reticulation  reaction  is  obtained  only  in 
the  buds.  In  preparations  allowed  to  stand  overnight  the  hemoglobin  is 
usually  lost  from  the  buds  and  a  delicate,  investing  membrane  is  then 
visible  (Fig.  30).  The  buds  may  also  change  in  form,  appearing  as 
small  knobs  attached  to  the  main  portion  of  the  cell  by  slender  stalks 
(Fig.  28).  Thev  then  exhibit  Brownian  activity  and  in  many  instances 
become  separated  from  the  corpuscle-  (Fig.  29)  to  float  freely  in  the 
hemolymph. 

DISCUSSION 

It  is  frequently  stated  in  textbooks  that  among  the  invertebrates 
there  are  no  cells  which  are  exactly  comparable  to  the  erythrocytes  of 
the  vertebrate^.  The  invertebrate  colored  corpuscles  are  described  as 
nucleated,  ameboid  cells  resembling  white  corpuscles,  each  cell  contain- 
ing a  small  globule  of  pigment  in  its  cytoplasm.  Such  statements  are  in 
direct  opposition  to  all  published  descriptions  of  the  invertebrate  cells 
which  carry  respirator}-  pigments  (Cuenot,  18^1  :  Romieu,  192.x  and 
others).  These  cells  are  usually  nucleated,  but  are  not  ameboid,  and 
the  respiratory  pigment  is  uniformly  distributed  throughout  the  cyto- 
plasm. They  are  invested  by  a  definite  membrane,  which  appears  to  be 
elastic  since  the  corpuscles  readily  recover  typical  form  after  distortion. 
They  hemolyse  in  the  same  manner  a>  \ertebrate  erythrocytes  and  ordi- 
narily respond  similarly  to  changes  in  osmotic  procure,  exhibiting  char- 
acteristic swelling  and  crenation. 

In  the  four  species  examined  at  Woods  Hole  all  the  corpuscles  are 
circular  or  oval  in  outline  and  have  a  disc-like  form,  but  the  relative 
thickness  of  the  cells  differs  in  each  species.  The  size  of  the  cells  is 
more  variable  within  the  species  than  in  the1  vertebrates,  but  the  di- 
mensional proportions  of  the  cells  of  each  species  are  nearly  constant. 
Spherical  corpuscles  have  been  described  in  Tluillascnui  incllita  by  Ab- 
bott (  1(>13)  and  in  Urccliis  caupo  by  Baumberger  and  Michaelis  (1931). 

Non-nucleated  corpus.cles  have  been  reported  for  only  one  species  of 
worm.  Mdt/cltnid  f\i^illicnniis.  In  this  form  the  respiratory  pigment  is 
hemerythrin.  The  early  observations  of  Mclntosh  (1S7S)  and  Benham 
(IX'Ui)  regarding  the  uniform  absence  of  the  nucleus  have  been  con- 
firmed by  the  more  recent  studies  of  Koinieii  (l('J3i.  Small,  non- 
nucleated  spin-rules  were  encountered  in  the  hcmolymph  of  Tliyonc  in 
both  fresh  preparations  ;in,i  stained  smears.  Many  contained  charac- 
teristic, colored,  granular  inclusions  and  the  plastids  appeared  to  be  simi- 
lar in  constitution  to  the  larger  nucleated  elements.  Xo  evidence  re- 
garding their  origin  \va-  obtained.  Presumably  they  arise  by  a  process 
of  buddiiv. 
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The  cytoplasmic  inclusions  of  the  invertebrate  corpuscles  are  of  sev- 
eral kinds :  clear  vacuoles  of  undetermined  nature,  fat  globules,  and 
granules.  The  granular  inclusions  appear  to  be  characteristic  of  almost 
all  invertebrate  corpuscles  whether  the  respiratory  pigment  be  hemoglobin 
or  hemerythrin.  They  react  readily  with  vital  dyes  and  may  exhibit 
varying  degrees  of  basophilia.  In  fresh  unstained  cells  they  are  readilv 
recognized  by  their  high  refractive  index  and  are  usually  yellow  en- 
brown  in  color.  Their  nature  was  not  determined.  In  the  literature 
they  are  frequently  referred  to  as  excretion  granules.  In  Thallasema, 
Abbott  (1913)  obtained  a  positive  test  for  iron  in  these  granules,  and 
Baumberger  and  Michaelis  (1931)  identified  the  brown  granular  pig- 
ment in  the  corpuscle  of  Urcchis  as  hematin. 

Vital  dyes  have  not  been  used  extensively  in  the  study  of  the  in- 
vertebrate corpuscles,  and  in  most  instances  when  they  have  been  ap- 
plied the  concentration  was  only  sufficient  to  stain  the  preformed  granu- 
lar inclusions.  However,  Romieu  (1923)  found  that  in  Notomastus 
vital  staining  with  high  concentrations  of  dye  caused  the  appearance  of 
a  coarse-meshed  network  whose  branches  tended  to  radiate  from  the 
nucleus  to  the  periphery  of  the  cell.  He  also  obtained  a  somewhat 
similar  pattern  in  the  corpuscles  of  Glyccra  tesselata  after  hemolysis  and 
suggested  that  it  might  correspond  to  the  substantia  granulo-filamentosa 
(reticulation  substance)  of  the  vertebrate  erythrocyte. 

The  present  observations  show  that  in  the  four  species  studied,  pat- 
terns resembling  the  vertebrate  reticulation  can  be  obtained  by  the  ap- 
plication of  brilliant  cresyl  blue  in  suitable  concentrations.  This  stain- 
ing reaction  may  be  obtained  without  causing  hemolysis  but  the  nucleus 
is  always  stained.  Similarity  of  staining  reaction  and  of  morphology  of 
the  intracellular  patterns  are  admittedly  inadequate  criteria  to  establish 
the  identity  of  the  substances  occurring  in  the  invertebrate  and  vertebrate 
corpuscles,  but  the  uniformity  of  the  reaction  suggests  that  in  the 
elaboration  of  an  intracellular  respiratory  pigment,  whether  hemoglobin 
or  hemerythrin,  the  synthetic  processes  are  fundamentally  alike. 

SUMMARY 

Supravital  studies  of  the  colored  corpuscles  of  the  hemolymph  or 
body  fluid  of  four  species  of  invertebrates,  Phascolosoma  gouldi,  Glycera 
dibrancJiiata,  Thyonc  briarcus,  and  Area  transvcrsa  are  recorded.  The 
corpuscles  of  Phascolosoma  contain  hemerythrin ;  the  others,  hemoglobin. 

All  the  corpuscles  are  disc-like  in  form  and  the  respiratory  pigment 
is  uniformly  distributed  throughout  the  cell. 

The  corpuscles  are  usually  nucleated,  but  in  Thyonc  a  variable  num- 
ber of  small,  non-nucleated  spherules  were  noted. 
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-Mitochondria  were  present  in  all  cells.  Other  cytoplasmic  inclu- 
sions consisted  of  vacuoles  of  undetermined  nature,  fat  globules  and 
refractile  granules,  cither  colorless,  yellow  or  brown.  The  granules  re- 
act readily  with  vital  dyes  and  are  slightly  basophilic.  Their  composi- 
tion was  not  determined  but  it  is  suggested  that  they  are  derivatives  of 
the  respirator}-  pigment. 

Rather  extensive  patterns  of  reticulation,  resembling  those  of  verte- 
brate erythrocytr-.  appear  in  the  corpuscles  of  all  four  species  on  ex- 
posure to  suitable  concentrations  of  brilliant  cresyl  blue. 

The  corpuscles  of  TJiyonc  are  characterized  bv  a  peculiar  alveolar 
zone  immediately  beneath  the  cell  membrane. 

The  corpuscles  of  Area  frequently  rupture  when  crenated  and  much 
of  the  fluid  content,  including  the  hemoglobin,  enters  the  thin-walled, 
balloon-like  extensions  found  on  the  surfaces  of  the  cells.  The  nuclei 
and  specific  granules  remain  in  the  main  body  of  the  cell. 
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MATING  IN  LIMULUS  POLYPHEMUS  1 

CHARLES  MARC  POMERAT 

(From   the  Department  of  Biology,  Clark   University  and  the  Marine  Biological 
Laboratory,  Woods  Hole,  Massachusetts') 

Homogamy,  the  tendency  of  like  to  mate  with  like,  has  been  defi- 
nitely established  for  several  plants  and  animals.  A  general  account 
especially  from  the  plant  side  has  been  given  by  D.  F.  Jones  (1928). 
Willoughby  and  Pomerat  (1932)  have  summarized  the  zoological  find- 
ings. In  a  study  by  H.  E.  Jones  (1929)  and  one  by  Schiller  (1932), 
the  literature  dealing  with  homogamy  in  psychic  characters  in  man  has 
been  reviewed. 

The  factors  involved  in  such  selection  may  be  simple  morphological 
characteristics  depending  upon  the  mechanics  of  the  mating  act.  The 
liberation  of  specific  substances  preceding  mating  may  also  play  a  role 
by  stimulating  olfactory  receptors  of  the  opposite  sex.  Complex  be- 
haviour, degree  and  extent  of  activity,  and  more  specifically  preliminary 
sex  behaviour,  may  also  be  important  in  the  process  of  selection.  This 
involved  mating  behaviour  in  man  is  generally  referred  to  as  psychic, 
and  is  usually  described  in  psychological  terminology.  Homogamy  in 
man  may  depend  largely  upon  psychic  factors,  while  activity  (as  a  func- 
tion of  age)  may  be  responsible  for  the  relatively  high  degree  of  cor- 
relation in  toads  (Willoughby  and  Pomerat,  1932).  Mechanical  ad- 
justment of  the  structures  involved  in  the  mating  act  may  afford  the 
simplest  explanation  for  selective  coupling  since,  a  priori,  it  would 
seem  that  successful  mating  is  possible  only  within  certain  limits 
of  form  which  in  turn  are  conditioned  by  (1)  the  complexity  of  the 
coupling,  i.e.,  the  number  and  character  of  the  points  of  contact  and  (2) 
the  degree  of  mobility  of  the  body  to  allowr  for  adjustment.  To  these 
variables  a  third  might  be  added — relative  activity  and  physical  vigor 
—since  successful  mating  may  require  pursuit  and  capture,  display 
mechanisms,  and  (at  least  in  the  cases  where  amplexus  is  involved)  that, 
for  a  period,  the  participants  be  attached  to  each  other. 

In  a  previous  paper  (Pomerat,  1932)  it  was  pointed  out  that  results 
obtained  from  the  study  of  homogamy  in  invertebrates  were  not,  con- 
trary to  previous  opinion  (Willoughby  and  Pomerat,  1932),  consistent 
among  themselves.  Workers  in  this  field  have  tended  to  suppose  that 

1  This  investigation  was  aided  by  a  scholarship  from  the  Collecting  Net. 
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coefficients  of  correlation  fur  homogamy  might  be  high  for  organisms 
having  relatively  inflexible  exo-skeletons.  This  would  seem  especially 
possible,  from  a  mechanical  standpoint,  for  species  practicing  internal 
fertilization  where  at  least  two  points  of  contact  are  involved.  This, 
however,  was  not  found  to  be  the  case  in  a  study  of  the  Japanese  beetle, 
Popillia  jijf-onicn  Xewm.  (Pomerat,  1932),  in  which  the  usual  dor- 
soventral  position  is  taken,  with  clasping  by  the  male  in  addition  to  the 
uicnital  contact.  It  was  not  found  possible  to  isolate  the  chief  mechanical 
structures  upon  which  amplexiis  is  dependent,  unless  the  structures 
studied,  namely  the  four  tibia  and  tarsi,  actually  are  critical  in  the 
process.  The  central  tendency  of  the  distribution  of  cu-tticients  derived 
from  eight  different  measures  was  very  slightly  positive  in  the  Japanese 
beetle.  In  view  of  this  unexpected  finding  it  was  thought  advisable  to 
examine  the  mating  behaviour  of  other  arthropods.  The  species  se- 
lected for  this  study,  the  horse-shoe  crab,  Liinulus  poIyphcmns  L..  is  of 
] 'articular  interest  since  it  represents  a  form  in  which  copulation  in- 
volves amplexus  but  with  no  intromission,  so  that  there  is  only  one  pair 
of  contact  points  involved  in  the  coupling,  i.e.,  clasping  without  genital 
contact.  It  was  conjectured  that  the  removal  of  the  partial  restriction 
imposed  h\-  genital  contact  might  result  in  an  increased  range  of  choice 
and  consequent  lowered  coefficients.  A  significant  difference  in  the 
latter,  as  between  the  two  types  of  mate-union,  might  thus  afford  some 
support  for  the  theory  of  mechanical  determination  of  homogamy.  In 
addition,  Liiintliis  is  the  largest  invertebrate  which  has  been  studied 
thus  far  from  the  standpoint  of  homogamy.  Considering  technical  dif- 
ficulties involved  in  obtaining  biometric  data,  the  horse-shoe  crab  owing 
to  its  large  size  should  form  a  relatively  more'  reliable  source  of  in- 
formation than  the  arthropods  heretofore  examined. 

M  AT  K  RIALS  AND   Ali.iiions 

One  hundred  pairs  of  the  horse-shoe  crab.  Liinnliis  polyphemus  L., 
were  taken  in  the  vicinity  of  Woods  Hole,  Massachusetts.  The  largest 
group  (49  pairs)  was  found  along  the  sandy  beaches  on  either  side  of 
I'en/.ance  Point.  All  measurements  were-  taken  between  June  1  and 
June  5,  1932.  Mated  Linnili  are  mo-t  often  found  after  sun-down,  at 
high-tide,  in  shallow  water  along  protected  sandy  beaches.  According 
to  Mr.  <  leorge  <  ,ray  of  the  Marine  Jiiological  Laboratory  Museum  at 
Woods.  Hole,  the  height  of  mating  activity  is  readied  during  the  full 
moon  late  in  May  or  early  in  June.  Kiiigsley,  writing  in  18('2,  stated 
lie  had  never  found  this  correlation.  I 'n fortunately  the  writer  was 
unable  \<  >  confirm  either  view. 

I'.y  means  nf   modified   pincers  of   the   second   pair  of    feet   the  male 
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grasps  the  hinder  half  of  the  abdomen  of  the  female  and  trails  along  in 
shallow  water.  Locomotion  of  mated  pairs  being  relatively  slow  makes 
the  collection  of  animals  easy. 

All  measurements   were   taken   in   inches   to   the   nearest   sixteenth. 
These  data  were  later  converted  entirely  to  sixteenths.     This  system 


FIG.  1.  Diagram  of  the  dorsal  aspect  of  Limulux  polyphcmus  illustrating 
measurements  taken. 

The  outline  of  the  animal  is  shown  by  unbroken  lines  (eyes  in  solid  black)  ; 
dotted  lines  indicate  structures  of  the  ventral  surface ;  interrupted  bars  show  the 
course  of  the  seven  measurements. 

was  one  of  expediency,  since  at  the  time  of  collection  it  was  impossible 
to  procure  a  steel  tape  marked  in  metric  measure  for  use  on  curved 
structures. 
18 
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TABLE  I 
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TABLK  I  (Continued) 


A 

50     55     60 

65 

70 

75     80 

85 

90 

95 

100 

105 

110     115     120 

N 

in 

1       2     11 

39 

30 

12       5 

100 

f 

1 

3     10 

16 

20 

31 

13 

3 

2                   1 

100 

M          a 

V 

dM/ffc 

[    d0/(7d 

m 

67.55     5.5 

8.1 

f 

91.50     8.0 

8.7 

24.7 

2.5 

Seven  measurements  were  taken  and  recorded  in  the  field.     These 
were  grouped  and  designated  (see  Fig.  1)  as  follows: 
I.     Circumferential  Measure. 

C — curved    distance    around    cephalothorax    from    one    posterior 

marginal  spine  to  the  other. 
II.     Median  Sagittal  Measures. 

M — length  of  median  widening  of  the  rim  of  ventral  carapace; 

L — length  of  cephalothorax  along  its  curvature ; 

T — telson  length,  ventral  aspect  measured  from  the  ridge  distal 

to  muscular  attachment  of  the  base  to  the  tip. 
III.     Width   Measurements. 

E — curved  distance  between  the  median  edge  of  the  compound 

eyes ; 
W — greatest  width  of  the  cephalothorax  taken  straight  across  the 

ventral  side ; 

A — width  of  abdomen  at  the  cephalothoracic  junction. 
The  distribution  of  direct  measures  is  given  in  Table  I. 
It  is  evident  that  the  females  are  significantly  larger  and  cover  a 
wider  range  of  sizes  than  the  males.     It  should  be  noted  that  the  scatter 
of  measurements  for  the  character   C   (circumference  of  the  cephalo- 
thorax) in  the  male  shows  a  trimodality  with  peaks  in  the  vicinity  of  210, 
290,  and  335.     Of  the  following  coefficients,  those  in  which  this  measure 
is  involved  are  slightly  incomparable  with  the  others  for  this  reason. 

One  hundred  and  four  Pearson  product  moment  correlations  were 
obtained  from  1400  measurements  taken  on  100  pairs  of  mated  Limuli. 
These  will  be  considered  in  the  following  order :  ( 1 )  direct  and  cross- 
correlation,  (2)  self  correlations,  (3)  quotient  correlations.2 

Direct  and  Cross  Correlations 

The  results  of  correlations  of  these  measurements  are  given  in  Table 
II. 

Direct  correlations  range  from  -- 0.005  to  0.151.  The  lowest  value 
obtained  ( — 0.005)  existed  between  the  abdominal  width  of  mated 
pairs.  This  was  the  lowest  value  found  for  the  entire  series.  The 

2  It  is  a  pleasure  to  acknowledge  indispensable  assistance  from  Miss  Edith 
Fishman,  and  from  Mr.  James  Sell. 
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highest  direct  correlation   value    (0.151)    was   found   for  the  cephalo- 
thoracic width  of  mate-. 

Cross  correlation  values  range  from  -0.01  to  0.246;  the  former 
value  existing  between  the  median  width  of  the  rim  of  the  ventral  cara- 
pace of  the  female  and  the  male  cephalothoracic  circumference,  while 
the  latter,  the  highest  value  for  hoth  direct  and  cross  correlations,  was 
found  for  the  relation  between  the  telson  length  of  the  female  and  the 
cephalothoracic  width  of  the  male.  It  must  he  noted,  however,  that  the 
telson  length  cannot  he  ahsolutely  relied  upon  since  it  was  frequently 
found  that  the  telson  was  eroded  to  a  varying  degree,  and  in  a  few  cases 
it  was  broken.  These  accidents  arise  from  the  horse-shoe  crab's  habit 
of  burrowing  in  sandy  and  muddy  shores.  The  crab  first  arches  its 
body  by  bending  it  at  the  joint  between  the  cephalothorax  and  the  ab- 
domen, draws  the  sixth  pair  of  legs  forward  and  then  extends  the  body, 
pushing  with  the  legs  against  the  firm  hold  of  the  telson.  In  view  of 
the  unreliability  of  the  measurement.  T,  it  is  interesting  to  note  that  the 
next  highest  measurement  (0.202)  is  found  between  the  cephalothoracic 
circumference  of  the  female  and  the  median  widening  of  the  rim  of  the 
ventral  carapace  in  the  male. 

TABLE  II 

Direct  and  Cross  Correlations  Obtained  for  Seven  Characters  Measured  on  100 
Miited  Pairs  of  Limulus  polyphemus  L. 


Males 

W 

L 

M 

C 

E 

T 

A 

W 

i) 

.151 

0.104 

0.118 

0 

036 

0.083 

0 

044 

0.087 

L 

(i 

.107 

0.147 

0.118 

0 

o<;o 

0.101 

0 

073 

0.07') 

M 

() 

.0X4 

0.081 

0.111 

-0 

010 

0.083 

0 

030 

0.090 

Females 

C 

0 

.136 

0.156 

0.202 

0 

103 

0.128 

0 

042 

0.083    Mr  =  0.10 

E 

0 

.161 

0.121 

0.182 

0 

044 

0.101 

0 

020 

0.062 

T 

0 

.246 

0.153 

0.150 

0 

004 

0.120 

0 

081 

0.080 

A 

(1 

.076 

0.022 

0.150 

0 

020 

0.023 

0.001 

-0.005 

The  abdominal  width  measure  .  /  in  the   female  appears  to  influence 

low   correlations   most    frequently;   five   cases   with    values   of   less   than 

d.i)25  occurring  in  the  scries.     The  greatest  cephalothoracic  width   //' 

and   the  median    sagittal   width  of    the   ventral   carapace    .17    in    the   male 

m    to    influence    high    correlations;    four    values    of    more    than    0.130 

being   found    for  each  in  the  series.      The  mean   value   for  49  direct  and 

correlations   is  approximately  0.100.     With   a   probable  error  of 

-  O.CHi  it   is  quite  possible  that   the   values  obtained  are  chance  results. 

Measurements  on  at   least  500  individuals  would  be  necessary  to  lower 

the  probable  error  enough  to  obtain  fixed  values.     The  correlation  values 

obtained,  however,  strongly  suggest   that  honiogamy  as  regards  size  in 
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Linndus  polyplicmus  L.  is  practically  non-existent.  If  a  slight  correla- 
tion should  turn  out  to  be  real  ^md  not  merely  due  to  sampling,  it  might 
conceivably  be  explained  on  the  basis  of  the  slight  limitations  imposed 
by  the  adjustment  of  the  male  clasping  claw  to  the  female  carapace. 

Self  Correlations 

This  designation  is  used  for  correlations  between  different  measures 
of  the  same  individual.  See  Table  III. 

The  means  of  the  42  self  correlations  possible  with  seven  measures 
were  0.65  for  the  males  and  0.78  for  the  females.  The  highest  coef- 
ficients (0.97  for  both  sexes)  were  those  expressing  the  relationship 
between  interocular  width  and  cephalothoracic  length ;  the  lowest  for 
the  male  (0.23)  was  between  the  cephalothoracic  circumference  and 
the  abdominal  width,  and  for  the  female  (0.51)  that  between  the  telson 
length  and  the  greatest  distance  across  the  rim  of  the  ventral  carapace. 

The  influence  of  the  circumference  of  the  cephalothorax  measure  on 

TABLE  III 
Coefficients  for  Self  Correlations 


E-L 

L-A 

L-W 

A-W 

E-A 

E-W 

N-W 

M-E 

M-L 

M-A 

T-A 

m 

0.97 

0.89 

0.88 

0.85 

0.84 

0.83 

0.77 

0.73 

0.72 

0.70 

0.59 

f 

0.97 

0.84 

0.88 

0.84 

0.89 

0.85 

0.82 

0.76 

0.82 

0.79 

0.49 

T-L 

T-E 

T-W 

C-W 

C-L 

M-C 

T-M 

E-C 

T-C 

C-A 

Mean 

m 

0.59 

0.57 

0.55 

0.52 

0.51 

0.51 

0.48 

0.45 

0.33 

0.23 

0.65 

f 

0.56 

0.52 

0.62 

0.94 

0.96 

0.82 

0.51 

0.91 

0.65 

0.95 

0.78 

other  characters  seems  to  operate  in  opposite  directions  in  the  male 
and  in  the  female.  The  cephalothoracic  measurement  of  the  female, 
for  the  most  part,  combines  with  every  other  measurement  to  give  high 
correlations,  whereas  the  cephalothoracic  measurement  of  4  the  male 
never  does ;  for  example,  self  correlation  C-A,  where  the  male  gives 
0.23  and  the  female  0.95.  It  is  significant  that  the  largest  measure 
taken,  the  circumference  of  the  carapace,  is  related  with  every  other 
characteristic  studied  to  give  high  self  correlation  (consistency  of  pro- 
portion) in  the  female,  while  in  the  male  this  tendency  is  relatively 
negligible. 

In  the  seven  characteristics  studied  the  female  was  found  to  show 
the  greater  range  in  size,  the  greater  variability,  and  a  more  marked 
consistency  of  form.  Low  self  correlations  between  telson  length  and 
all  other  measures  in  both  male  and  female  further  serve  to  indicate 
that  the  telson  measure  has  a  prominent  chance  error  in  it.  If  self 
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correlation  values  are  eliminated  when  they  contain  the  telson  measure 
the  means  are  raised  noticeably  ;  fur  the  male  the  .17,  becomes  0.69  and 
for  the  female  0.87.  This  greater  yariability  and  higher  self  corre- 
lation in  the  female  has  also  been  found  for  the  toad  by  \\illoughby  and 
l'"iuerat  (1932)  and  for  tin-  Japanese  beetle-  by  I'omerat  (1932). 

TABLE  IV 
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(_>n<>tit'nt  Correlations 

ts  obtained  bv  dividing   cue  character  bv  another  indicating 
other  >e.\  difference-  are  a-  iMyen  in  Table  IV. 

(_>ii"lient  or  morphological   indices  were  correlated  directly   in    four- 
teen   C3  Table    V. 
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Quotient  Correlations  (Morphological  Indices) 
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M/C        0.16 

E/A            0.05 

M/E         -0.07 

C/\V      0.14 

E/\V           0.03 

T/W       -0.08 

L/\V       0.11 

L/E            0.01 

M/A        -0.11 

L/M       0.11 

T/L         -0.01 

C/A         -0.225 

C/E        0.08 

A/W       -0.01 

Mr               0.086 

Quotient  values  were  treated  to  obtain  correlations  for  form.  The 
consistently  low  values  obtained  gave  a  mean  value  of  0.086,  which 
would  suggest  that  if  there  were  a  real,  though  slight,  homogamy  in 
Lhnnlus,  this  would  depend  upon  size  rather  than  form. 

DISCUSSION 

A  biometric  study  of  one  hundred  mated  pairs  of  the  horse-shoe 
crab,  Limulus  polyphemus  L..  was  made  to  test  the  theory  of  mechanical 
determination  of  homogamy. 

TABLE  VI 

Correlation  Coefficients  for  Homogamy  in  Invertebrates  (Averages) 


Species 
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Author 
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0.61 

Breadth    

.  .  0.30 

Pearl  (1907) 
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.  .  0.43 
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0.38 
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Jennings  (1911) 
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..   0.33 

Chilodon  uncinatus 

Length  

.  .   0.40 

Enriques  (1908) 

Chromodoris  zebra 

Mantle  length 

.  0.52 

Crozier  (1918) 

Total  length    

.  .  0.61 

Gammarus  locusta 

Length                         

.  .  0.91 

Crozier  and  Snyder 

Length                       

.  .  0.80 

(1923) 
Crozier  (1918) 

Dikerogammarus  fasciatus 

Length  

.  .  0.69 

Crozier  and  Snyder 

(1923) 

Popillia  japonica 

Length          

.  .   0.19 

Pomerat  (1932) 

Thoracic  Width    

.  .  0.18 
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Coefficients  of  correlation  have  been  found  to  be  high  for  species 
in  which  precise  apposition  of  contact  points  is  necessiry  for  copulation, 
as  indicated  by  Table  VI. 

Conjugation  in  the  protoxnaiis  Paraincciiiin  and  Chilodon;  her- 
maphroditism  in  Chromodoris;  and  the  complexity  of  mating  in  gam- 
marids,  as  described  by  Holmes  (1903).  suggest  that  it  may  be  pos- 
sible to  account  for  the  high  correlations  obtained  on  the  basis  that  the 
mechanical  precision  involved  does  not  permit  coupling  of  individuals 
of  widely  different  sixes. 

The  findings  for  the  Japanese  beetle.  I'opillia  japonicu.  do  not  tend 
to  uphold  this  view,  unless  it  can  be  considered  that  a  greater  degree  of 
adjustment  of  contact  points  is  possible  than  might  a  priori  be  expected. 

The  findings  in  Limnlus  pol\[>hcinus  are  in  keeping  with  the  me- 
chanical theory,  on  the  basis  that  only  one  point  of  contact  is  involved. 
The  range  of  choice  is,  therefore,  markedly  increased  and  the  coefficient 
of  h»m<igamy  proportionately  lowered. 

There  is  some  evidence  then  that  mating  in  certain  invertebrates 
rests  at  least  in  part  upon  a  mechanical  process. 
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PHENOMENON  OF  REGENERATION  IN  EVERTED  HYDRA 

ROBERT  L.  ROUDABUSH  1 
DEPARTMENT  OF  ZOOLOGY  AND  ENTOMOLOGY,  IOWA  STATE  COLLEGE,  AMES,  IOWA 

INTRODUCTION  AND  HISTORICAL 

The  first  worker  to  observe  that  a  hydra  turned  inside  out  might 
regenerate  was  the  Swiss  priest,  Alexander  Trembley  (1744).  Trem- 
ble}- maintained  that  the  ectoderm,  which  in  the  turned  animal  lines  the 
enteric  cavity,  came  to  take  over  the  functions  of  the  endoderm;  while 
the  endoderm,  which  was  outside,  assumed  the  functions  of  the  ecto- 
derm. Nussbaum  (1887,  1891)  repeated  Trembley's  experiment,  but 
came  to  the  conclusion  that,  instead  of  reversal  of  function,  migration 
of  the  layers  took  place.  He  described  sliding  of  the  ectoderm  over  the 
endoderm,  beginning  at  the  mouth  and  a  pore  in  the  base,  and  continuing 
until  the  entire  ectoderm  had  reached  its  outside  position.  Ischikawa 
(1890)  undertook  the  same  problem  and  obtained  the  same  results  as 
Nussbaum,  but  he  explained  them  much  more  plausibly.  Both  Nuss- 
baum and  Ischikawa  criticized  Trembley  for  his  manner  of  proving 
that  the  everted  animals  remained  everted  and  did  not  revert  themselves. 
The  present  paper  deals  with  the  changes  occurring  in  ectoderm  and 
endoderm  after  the  position  of  these  two  layers  has  been  reversed  by 
turning.  The  actual  explanation  of  the  regeneration  phenomenon  is 
quite  different  from  any  previously  offered. 

MATERIALS  AND  METHODS 

For  this  work  specimens  of  three  common  species,  Hydra  viridis- 
sinia  Pallas  (=viridis  L.),  H.  vidgaris  Pallas  (=- grisea  L.)  and  H. 
oliyactis  Pallas  (--fusca  L.),  have  been  used,  each  in  the  manner  in 
which  it  was  best  suited.  The  first  proved  to  be  best  for  studies  on 
the  living  material :  the  latter  two  were  better  for  the  study  of  fixed 
and  stained  material. 

The  method  of  turning  was  very  simple.  A  hydra  in  a  small  dish 
with  a  few  drops  of  water  under  a  binocular  microscope  was  stimulated 
to  contract  by  careful  prodding  with  a  needle.  When  it  had  fully 

1  The  writer  feels  greatly  indebted  to  Dr.  S.  H.  Derickson  and  Dr.  V.  Earl 
Light  of  Lebanon  Valley  College,  and  to  Dr.  Elery  R.  Becker  of  Iowa  State  Col- 
lege for  guidance  and  criticism  concerning  the  problem  and  preparation  of  the 
manuscript. 
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contracted,  its  anterior  end  was  placed  on  the  bottom  of  the  culture 
dish,  care  being  taken  that  its  tentacles  radiated  from  the  hypostome  in 
the  normal  manner.  Then,  very  carefully,  the  basal  disk  was  pushed 
with  a  fine  needle  until  it  came  in  contact  with  the  bottom  of  the  dish 
through  the  mouth  of  the  hydra.  In  order  to  accomplish  this,  a  num- 
ber of  successive  movements  of  the  needle,  so  as  to  force  the  mouth 
open  and  the  body  through  it  down  against  the  glass,  was  necessary. 
Then  the  mouth  portion  was  carefully  manipulated  with  another  needle 
so  as  to  force  it  to  come  back  up  against  the  first-mentioned  needle. 
The  hydra  was  now  turned  and  rested  in  an  inverted  position  on  the 
point  of  one  of  the  needles.  It  was  then  very  carefully  pushed  off,  and 
more  water  added. 

Animals  to  be  fixed  were  allowed  to  remain  in  the  inverted  condition 
for  a  predetermined  length  of  time,  and  then  killed  with  warm  corrosive 
acetic  poured  onto  them  in  a  stream  from  a  fine  pipette,  beginning  at  the 
base.  In  this  way  the  hydras  were  killed  in  an  extended  condition. 
This  material  was  stained  /;;  tola  with  borax  carmine  and  sectioned  as 
thin  as  5  and  10^. 

RESULTS 

In  the  earlier  work  previously  mentioned  it  was  found  that  hydras 
which  have  been  turned  fall  into  three  distinct  classes  according  to  their 
-nbscqucnt  behavior:  First,  those  which  are  not  able  to  adjust  them- 
selves to  their  new  situation,  and  so  almost  immediately  undergo 
"  depression,"  or  slow  contraction  accompanied  by  disintegration,  and 
finally  death,  unless  re-turning  and  recovery  supervene;  second,  those 
which  attempt  to  re-turn  themselves;  and  third,  those  which  remain 
turned  and  regenerate. 

It  has  been  found  that,  out  of  a  group  of  60  hydras  taken  from  their 
native  pool  and  turned  on  March  19,  1931,  21  underwent  "  depression," 
18  re-turned  themselves,  and  21  remained  turned  and  readjusted  them- 
selves. 

After  having  observed  approximately  300  hydras  turn  themselves 
back  to  their  normal  condition,  the  writer  can  affirm  that  it  took  place 
nearly  every  time  in  the  manner  originally  described  by  Trembley.  The 
everted  hydra  has  its  tentacles  extending  out  of  its  mouth  in  a  group. 
It  will,  of  course,  be  reali/.ed  that  hydras  in  such  a  condition  would  gen- 
i  rally  be  contracted  to  the  fullest  extent.  This  results  in  the  mouth  be- 
ing pulled  closely  around  the  tentacles  which  pass  out  through  it.  The 
inside  mouth  conies  to  be  on  the  outside,  and  the  hollows  of  the  tentacles, 
which  normally  are  conneeted  with  the-  enteric  cavity,  can  be  seen  to 
open  on  tin-  <mtsi<lr.  In  the  majority  of  the  specimens  some  or  all  of 
the  openings  to  the  outside  become  closed  by  the  appearance  of  sphinc- 
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ters  within  a  few  minutes  after  turning.  The  hydra  usually  extends 
the  free  ends  of  its  tentacles  down  along  the  sides  of  its  body  and 
continues  to  contract  and  expand  them  while  holding  them  there.  This 
procedure  may  pull  the  mouth  of  the  animal  open  and  cause  the  edges 
of  the  hypostome  to  be  drawn  back  along  the  body.  By  alternate  con- 
tractions and  expansions  of  the  tentacles  the  mouth  is  pulled  backwards 
further  and  further  until  finally  the  base  itself  passes  through  the 
mouth.  Finally,  the  contractions  and  expansions  of  the  muscular  ele- 
ments easily  force  the  basal  disk  back  into  its  normal  position,  and  then 
the  hydra  has  recovered  its  original  form. 

The  recovery  of  the  normal  orientation  of  the  two  body  layers  just 
described  is  a  gross  process,  crudely  comparable  to  the  righting  of  a 
glove  finger  by  re-turning  it.  The  third  class  of  turned  hydras  pre- 
viously mentioned  do  not  re-turn  themselves  in  the  accepted  sense  of 
the  term,  but  nevertheless  recover  a  normal  organization  by  rearrange- 
ment of  the  cells  constituting  ectoderm  and  endoderm.  This  regenera- 
tion, as  will  be  shown,  is  effected  by  migration  of  ectoderm  and  endo- 
derm constituents  in  opposite  directions  through  and  beyond  the  meso- 
glea. 

Sections  of  one  hydra  which  was  fixed  two  hours  after  turning 
showed  the  ectoderm  and  endoderm  of  the  trunk  in  practically  their 
normal  positions.  Other  individuals  required  up  to  8  hours  or  more 
to  accomplish  the  same  result.  One  specimen,  a  brown  hydra,  showed 
nematocysts  in  an  exterior  position  twenty  minutes  after  turning.  An- 
other, a  green  specimen,  showed  plainly  that  a  considerable  number 
of  clear  ectoderm  cells  had  penetrated  the  mesoglea  to  a  position  on  the 
outside  within  30  minutes.  Careful  microscopic  observations  on  the 
living  turned  Hydra  viridissima  have  often  disclosed  the  clear  cells  in 
the  act  of  migrating  to  the  outside  between  the  green  cells  of  the  en- 
doderm. Such  cells  become  spherical,  perhaps  on  account  of  freedom 
from  pressure  after  they  have  passed  through  the  green  cell  layer. 

The  stained  sections  of  Hydra  viilcjaris  and  H.  otic/act  is  show  the 
migration  of  cells  very  clearly.  Figure  1  shows  an  arc  of  a  cross- 
section  of  a  specimen  killed  10  minutes  after  the  act  of  turning.  Here 
the  ectoderm  is  definitely  on  the  inside,  and  no  migration  has  as  yet 
taken  place.  Figure  2,  a  section  taken  from  an  animal  which  had  been 
turned  2  hours  previous  to  fixing,  shows  the  migration  in  progress. 
No  definite  mesoglea  could  be  recognized  in  this  animal  except  in  certain 
isolated  portions  where  the  cells  had  not  as  yet  commenced  to  move. 
Ectoderm  and  endoderm  cells  are  found  on  both  sides  of  a  line  drawn 
continuous  with  the  remaining  portions  of  the  mesoglea.  The  large 
vacuolated  cells  are  endoderm,  while  the  smaller  ectodermal  cells  are 
shown  mostlv  without  vacuoles. 
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EXPLANATION  OF  FIGURES 

The  upper  portion  of  Figs.  1,  2,  and  3  is  the  interior  of  the  hydra.  Here  the 
ectoderm  is  shown  in  the  internal  position.  EN,  endodenn;  EC,  ectoderm;  M, 
mesoglea. 

Fi<;.  1.  A  portion  of  a  cross-section  of  an  everted  hydra  which  was  killed  10 
minute*  after  turning. 

l;n,.  2.      Portion  of  a  cross-section  of  specimen  after  having  remained  everted 

for  2  hours.     Some  endoderm  cells   are  shown  here  to  have  already  reached  tlu 

inside.  \\liile  some  still  remain  in  their  everted  position.     Masses  of  ectoderm  cclK 

•  an   migrating  through  the  section.     Note  the  ahsence  of  mesoglea  in   most 

of   the   section.      ( ',   cnidohlast. 

In,.  3.     A  portion  of  a  cross-section  taken   from  a  hydra  2-\  hours  after  ever- 
-ion.      Hen-    tlie    eell    layers    are    shown    in    their    normal    condition    after    having 
pleted    the    migration. 

1  MI..  4.     Ihdra  immediately  after  turning,  showing  the  arrangement  of  tenta- 
at  tin-  anterior  end.     The  mouth  of  this  specimen  is  not  fully  contracted. 
l;i<;.    5.     Hydra    \\itli    hud    after    having    been    turned.     Note    the    bud    coming 
out  of  the  month. 
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Figure  3  shows  the  condition  of  the  cells  of  another  specimen  24 
hours  after  turning.  The  endoderm  cells  in  this  section  have  regained 
their  interior  position  and  proper  alignment,  and  those  of  the  ectoderm 
have  assumed  their  normal  arrangement  on  the  exterior  of  the  mesoglea. 

The  writer  made  sections  of  many  specimens  which  were  made  too 
early  or  too  late  to  show  the  migration  convincingly.  The  obtaining 
of  favorable  material  showing  the  migration  at  its  height  is  more  or 
less  a  matter  of  chance. 

In  the  sponge,  Wilson  and  Penney  (1930)  have  shown  that  the  cells 
migrate  with  somewhat  amoeboid  movement,  so  it  does  not  seem  par- 
ticularly striking  that  the  cells  in  the  hydra  can  wander.  In  fact,  it 
has  been  shown  by  Hadzi  (1909)  that  nematocysts  migrate  through  the 
bodies  of  hydroids.  Kepner  and  Barker  (1924)  have  shown  that  the 
nematocysts  of  hydra  can  migrate  from  the  enteron  to  the  epidermis  of 
worms  of  the  genus  Microstotna,  which  have  ingested  the  hydra  as  food. 
In  the  face  of  these  previous  experiments,  there  is  really  nothing 
remarkable  concerning  the  fact  of  the  migration  of  the  cells  in  the 
hydra,  but  they  do  not  explain  the  method  of  migration.  Personally, 
the  writer  feels  that  the  cells  migrate  by  almost  imperceptible  amoeboid 
movements,  although  definite  pseudopods  have  not  been  observed. 

The  fact  of  the  filtering  of  ectodermal  and  endodermal  elements 
through  the  mesoglea  and  through  each  other  has  been  observed  clearly 
in  living  and  sectioned  material,  and  definitely  shows  the  older  explana- 
tions of  the  changes  occurring  during  regeneration  to  be  in  error.  The 
writer  can  offer  no  plausible  explanation  for  the  modus  operandi  of  the 
cell  migration,  which  he  has  shown  to  occur,  beyond  the  fact  that  similar 
phenomena  have  been  observed  in  other  instances. 

The  writer  has  no  definite  explanation  for  the  rearrangements  in 
the  anterior  end  which  lead  to  the  reorientation  of  the  tentacles  and 
the  hypostome.  There  appears,  however,  to  be  in  this  region  a  very 
complicated  migration  of  cells  which  is  very  difficult  to  follow.  The 
process  seems  to  be  initiated  by  the  closing  of  the  pores  leading  to  the 
hollows  of  the  tentacles,  which,  of  course,  are  on  the  outside  of  the 
turned  hydra. 

SUMMARY 

1.  Hydra  may  recover  and  continue  to  live  after  having  been  turned 
inside  out. 

2.  The  reactions  to  the  turning  may  be  classed  in  three  groups :  (a) 
"depression"  and  eventual  dissolution;   (&)   re-turning;   (c)  regenera- 
tion through  cell  migration  and  without  any  re-turning. 

3.  Hydras  that  remain  turned  regain  normality  by  the  migration 
of  the  cells  constituting  the  two  layers  of  the  body  wall. 
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4.  The   migrating'   cells   of    each   layer,    individually   or   in   groups, 
priu'irate  the  mesoglea  and  filter  between  the  cells  of  the  opposing  layer. 

5.  Hydras    regenerated    as    described    usually    ingest    food    after   2 
days  from  the  time  <>t   turning. 
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REACTIONS  OF  TWO  HYDRAS,  OXK  OK  WHICH  HAS 
BEEN  INGESTED  BY  THE  OTHER 

ANDREW  L.  PICKENS 

It  is  well  known  that  at  times  one  hydra  is  swallowed  by  another, 
that  the  victim  is  retained  for  some  time,  and  eventually  regains  its 
freedom,  apparently  none  the  worse  for  having  been  ingested.  Few, 
however,  have  actually  observed  such  an  occurrence.  One  might  linger 
around  an  aquarium  for  months,  hoping  for  such  an  event,  only  to  have 
his  wait  climaxed  with  disappointment.  One  might  even  place  opposite 
ends  of  a  small  worm  into  the  mouths  of  neighboring  hydras  with  the 
hope  of  seeing  the  smaller  ingested  with  the  worm,  only  to  see  the 
weaker  one  drawn  to  the  mouth  of  the  other  where  the  remainder  of  the 
worm  is  drawn  from  one  enteron  into  the  next  while  the  losing  hydra 
is  permitted  to  drift  away. 

Several  years  ago,  it  was  my  pleasure  to  spend  some  time  at  work 
with  hydras  at  the  University  of  Virginia  under  the  guidance  of  Dr. 
W.  A.  Kepner.  Experiments  were  being  made  with  beef-feeding,  and 
the  reactions  of  these  ccelenterates  to  this  unwonted  food  was  indeed 
marked,  and  led  to  the  discovery  of  a  method  by  which  one  hydra  could 
be  made  to  ingest  another,  quite  at  the  will  of  the  experimenter. 

If  the  point  of  a  dissecting  needle  is  drawn  several  times  through  a 
piece  of  beef  and  then  presented  to  the  oral  end  of  a  hydra,  it  will  re- 
ceive the  point  of  the  instrument  into  the  enteron,  closing  on  the  steel 
tightly  with  its  entire  interior  length.  The  animal  can  then  be  lifted 
easily  and  transported  to  any  part  of  the  vessel.  If,  in  this  position,  the 
animal  is  waved  above  the  mouth  of  a  larger  hydra,  the  latter  opens  its 
mouth  widely,  whereupon  the  smaller  animal  may  be  readily  thrust  into 
the  gaping  enteron  below.  The  reactions  of  such  a  pair  are  shown  in 
the  accompanying  figures.  The  smaller  was  introduced  into  the  gas- 
trovascular  cavity  of  the  larger  as  the  hour  of  1  :00  P.M.  approached. 
The  following  reactions  took  place. 

The  larger  animal  contracted,  assuming  an  almost  globular  shape 
(Fig.  1). 

Both  animals  extended  slowly,  the  contour  of  the  outer  fitting  itself 
to  that  of  the  inner,  the  tentacles  of  which  were  all  reversed.  Motion 
on  the  part  of  the  inner  was  followed  by  another  contraction  on  the  part 
of  the  outer,  whereupon  the  inner  also  contracted  (Fig.  2). 
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Another  extension  on  the  part  of  both  occurred,  and  it  could  be  seen 
that  the  prisoner's  tentacles  were  being  drawn  forward.  This  motion 
of  the  interior  hydra  was  attain  followed  by  contraction  on  the  part  of 
the  outer  hydra,  immediately  followed  by  a  similar  motion  on  the  part 
of  its  captive  (Fig.  3). 

The  outer  animal  extended  once  more.  The  inner  one,  as  a  result 
of  the  recent  contraction  was  enabled  to  bring  all  its  tentacles  forward. 
Again  the  inner  hydra  contracted  as  did  the  outer  (Fig.  4). 


I-'n.s.   1-14.     Two  hydras,  one  of  which  has  hern  i 

description,  see  text. 


by  the  other.     For 


'  )nce  again  the  prisoner  bad  its  tentacles  reversed,  and  as  a  new 
extension  occurred  was  seen  to  have  been  thrown  across  the  body  length 
of  the  outer  hydra  i  Fig.  5). 

At  about  1:15  I'..M.  the  outer  hydra  swung  into  a  vertical  position 
and  again  contracted.  <  >l>M-rvations  were  hindered  by  this  for  some 
time  i  Fig.  6). 

At  1:30  I'.M.  tbe  outer  hydra  was  extended  and  lying  prone,  while 
inner  bad  the  tentacles  extended  to  the  front.  Its  position  would 
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have  facilitated  escape  through  the  oral  opening  of  the  captor,  but  the 
latter  contracted  once  more  (Fig.  7). 

At  1  :45  the  outer  hydra  had  assumed  the  form  of  an  arc  in  the  top 
of  which  lay  the  body  of  the  prisoner.  A  still  longer  extension  of  the 
outer  hydra's  body  followed  (Fig.  8). 

The  prisoner  lost  the  ground  gained,  slipping  further  clown  and  in 
than  ever,  touching  the  very  bottom  of  the  captor's  enteron  (Fig.  9). 

An  advance  movement  by  the  prisoner  brought  its  fore  regions  into 
contact  with  the  regions  just  within  the  hypostome  of  the  captor 
(Fig.  10). 

The  prisoner  assumed  an  almost  circular  form,  which  apparently 
helped  it  retain  its  position  in  the  fore-end  of  the  captor  (Fig.  11). 

At  1  :51  the  prisoner  had  straightened  out  again  with  the  tentacles 
touching  the  inner  portion  of  the  captor's  oral  opening  (Fig.  12). 

The  inner  hydra,  still  just  within  the  captor's  hypostome,  not  only 
threw  itself  into  a  circle  but  actually  coiled  (Fig.  13). 

By  2  :28  the  prisoner  at  last  extended  two  of  its  tentacles  through 
the  captor's  mouth  into  the  open  (Fig.  14).  Liberty  seemed  imminent, 
when  some  movement  on  the  part  of  the  outer  plunged  the  prisoner 
once  more  into  the  enteron  of  its  captor.  It  appeared,  however,  to 
maintain  its  tentacles  in  the  desirable  forward-pointing  position,  and  so 
was  enabled  to  regain  its  lost  ground  more  readily.  At  last  at  2:51  the 
captor  contracted  in  a  different  manner,  for  this  time  it  evidently  re- 
versed the  hypostome.  Two  forward  movements  were  detected  on 
the  part  of  the  captive,  and  it  slipped  out  to  freedom  so  rapidly  that  I 
was  disappointed  at  my  inability  to  make  more  lucid  observations  of 
what  occurred.  It  had  been  a  prisoner  for  approximately  two  hours. 

The  species  used  in  this  experiment  was  Hydra  viridissima, 

Additional  experiments  have  shown  the  method  to  be  practical  for 
laboratory  activities.  It  offers  opportunity  for  tests  as  to  whether  or 
not  two  hydras  repeatedly  placed  in  this  unusual  relation  would  be  able 
to  sever  the  union  more  rapidly  after  a  number  of  similar  experiments 
had  been  undergone,  as  to  the  reception  of  macerated  hydra  flesh  com- 
pared with  living  hydras,  and  other  interesting  problems. 
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OBSERVATIONS  ON  CERC  \RI.KUM  LINTONI  MILLER 

AND  NORTHUP  AND   ITS  META(  T.RCARIAL 

DEVELOPMENT 

C.  RUTH  SHAW 

i  l-'ran  the  Department  of  Zoology,  University  of  Pittsburgh,  the  Marine  Biological 
Lahnriitory,  \Voods  Hole,  Mass,  ami  the  Department  of  Biology. 

Kent  State  College) 

INTRODUCTION     • 

This  species  \vas  first  recorded  by  Linton  (1915),  who  found  it  in 
Xassa  (=  =  Illynassa)  obsolcta  (Say).  He  gave  a  brief  description  of 
the  sporocyst  and  of  the  cercariaeum,  although  he  did  not  name  the  spe- 
cies. His  account  was  confirmed  and  extended  by  Miller  and  Xorthup 
(1926).  who  named  the  larva  in  honor  of  Professor  Linton.  These 
authors  made  a  twelve-month  survey  of  the  infestation  of  N.  obsolcta 
with  larval  trematodes  and  found  Cercarieeum  lintoiii  emerging  at  all 
periods  of  the  year,  with  the  greatest  infestation  in  June  and  December. 
In  a  recent  paper  Africa  (1930)  described  the  excretory  system  of  the 
cercariaeum.  lie  gave  a  figure  of  the  flame  cell  pattern  and  a  discus- 
sion of  the  mechanism  by  which  the  bladder  and  its  accessory  sphincter 
appear  to  function. 

The  present  report  contains  the  results  of  work  done  at  the  Marine 
Biological  Laboratory  during  the  summer  months  of  1930  and  1931. 
The  study  of  marine  cercarise  was  suggested  by  Professor  H.  \V. 
Stunkard,  to  whom  I  am  indebted  for  suggestions  and  advice  during 
the  course  of  the  work  and  in  the  preparation  of  this  paper.  Grateful 
acknowledgments  are  made  also  of  assistance  from  1'rofessor  Edwin 
Linton,  Professor  P.  \\  .  \\  biting,  and  Mr.  Raymond  M.  Cable. 

M  \  i  I.KIAL  A\D   MKTHODS 

Great  numbers  of  snails.  Xussn  ohsulctn.  were  obtained  from  Quisset 
Harbor  and  examined  bv  the  isolation  method  for  specimens  from 
which  Cercari&um  lintoni  were  emerging.  These  infected  snails  were 
placed  in  ijass  dishes  where  it  was  possible  to  keep  them  for  days  and 
even  weeks.  A  daily  change  of  water  sufficed  to  maintain  the  snails  in 
good  condition  and  afforded  a  constant  supply  of  these'  larvae  for  ex- 
perimental purposes.  Morphological  details  were  studied  according  to 
the  method-  di-ciis-ed  by  Stunkard  (  1('30).  Compressed,  unstained, 
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living  cercarke  were  observed  for  details  of  the  flame  cell  pattern. 
Others,  after  staining  with  neutral  red,  were  used  in  the  study  of  the 
different  glands.  Permanent  mounts  were  made  also  of  specimens  fixed 
and  stained  by  various  methods. 

Experiments  were  carried  on  to  determine  the  effects  of  changes  in 
environmental  conditions,  and  others  were  performed  in  an  attempt  to 
elucidate  the  life  history  and  secure  the  adult  form  of  the  species.  Cer- 
tain features  of  the  cercaria?,  (1)  the  presence  of  a  stylet,  (2)  presence 
of  cephalic,  probably  penetration  glands,  (3)  failure  to  encyst  on  the 
walls  of  the  container,  and  (4)  great  endurance  of  changes  in  environ- 
mental factors,  appeared  to  be  of  significance  for  developmental  studies 
and  suggested  that  they  encyst  in  a  second  intermediate  host.  AC- 
TABLE I 

Measurements  of  Cercariceum  lintoni.  All  measurements  are  given  in  millimeters, 
and  each  is  the  average  of  several  measurements.  The  figures  of  Linton  and  Shaw 
are  for  living  specimens,  while  those  of  Miller  and  Northup  are  for  fixed  specimens. 


Linton 

Miller  and 
Northup 

Shaw 

Length  

.327 

.23 

.355 

Width,  anterior           

.06 

middle          .                

.123 

.084 

.118 

posterior 

.06 

Oral  sucker  (diameter)    

.043 

.05 

Ventral  sucker  (diameter)           .     . 

.0623 

.07 

Excretory  vesicle,  length  

.07 

width    

.045 

Pharynx,  length  

.025 

width 

.022 

Stylet,  length  

.02 

.0186 

cordingly,  various  invertebrates  were  exposed  to  active  cercariae  to  find 
out  whether  penetration  and  encystment  would  occur. 

MORPHOLOGY  OF  THE  LARV/E 
Sporocyst  Stage 

The  appearance,  form,  and  size  of  the  sporocysts  were  reported  by 
Linton.  He  found  them  to  average  0.645  mm.  in  length,  0.272  mm.  in 
width,  and  to  contain  2  to  40  cercariae  per  sporocyst.  My  observations 
are  in  substantial  agreement.  There  are  about  18  to  20  cercariae  in  a 
medium-sized  sporocyst  and  their  arrangement  is  shown  in  Fig.  3. 
Encystment  of  the  cercariae  within  the  sporocyst  was  never  observed. 
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Cercariceum 

As  noted  by  Linton.  the  cerearia.-  manifest  niucli  difference  of  form 
in  extension  and  contraction.  They  are  elongate  forms,  usually  ovate, 
with  the  greatest  width  at  the  region  of  the  ventral  sucker  or  just 
]msterior  to  it.  t'siially  the  anterior  end  narrows  gradually  and  the 
posterior  tip  is  slightly  angular.  A  specimen  full  extended  measured 
0.83  mm.  in  length  and  0.055  mm.  in  greatest  width,  while  in  a  con- 
tracted condition  it  was  only  0.25  mm.  long.  Tahle  I  gives  measure- 
ments of  the  larva  and  certain  of  its  structures  as  recorded  by  different 
authors. 

The  entire  surface  of  the  body  is  covered  with  minute  spines;  those 
of  the  anterior  region  are  somewhat  larger  than  those  farther  posteriad. 
They  are  srt  in  rows,  approximately  250  in  number,  arranged  in  alter- 
nate fashion  as  indicated  in  Fig.  9.  Linton  reported  that  the  anterior 
spine  (  stylet  )  is  not  easily  seen  in  mounted  specimens,  while  Miller  and 

PLATE  I 
Fxplanation  of  Abbreviations   in   Figures 


c — cercanaeum 

cp — cirrus  pouch 

dg — ducts  of  cephalic  glands 

e — esophagus 

ec — encysted  cercariannn 

ed — ejaculatory   duct 

es — excretory  sphincter 

et — lateral  excretory   tubule 

ev — excretory  vesicle 

g — cephalic   gland 

gl — gland  posterior  to  ventral  .sucker 

gp — genital  pore 

ic — immature  cercarireum 

icw — inner  cystic  wall 

inc — intestinal   cecum 

m — metraterm 


o — ovary 

ocw — outer  cystic   wall 

og — opening  of  cephalic  gland  duct 

ogl — opening  of  duct  of  gland  postt  '  ioi 

to   ventral   sucker 
os — oral   sucker 
ov — oviduct 
p — pharynx 
pp — prepharynx 
s — sty  let 

sr — seminal  receptacle 
sv — seminal   vesicle 
t — test  is 
u — uterus 
vd — vas  deferens 
vs — ventral  sucker 


Fxplanation  of   Figm  CS 

I'll,.    1.      (  t'l'curin'nin   linli'iii   Miller  and    Northup,   ventral    view. 

IMI,.  2.  Anterior  portion  ,,f  (  .  Hutinii  showing  the  relationship  of  the  stylet 
and  the  ducts  of  the  cephalic  glands  \\hen  the  stvlct  is  drawn  within  the  oral  sucker. 

FH,.  .v  Diagram  of  a  sporoc\st  of  ('.  linlniii.  Note  the  relative  positions  of 
mature  and  immature  cercari;e. 

IMI,.  4.  Diagrammatic  drawing  of  a  parapodium  of  AYri'i.v  t'ircus  Sars.,  show- 
ing the  characteristic  location  of  cysts. 

FlG.  5.      '  amera  lucida  drawing  of  a  ten  <].i\   old  Cysl   of   ( '.  lintoni.     Note   the 

two  1  thi         t  wall. 

IMI;.  ').  Camera  lucida  drawing  of  the  same  ten-day-old  (Fig.  5)  cyst  with 
the  .  urn  in  a  different  position. 
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Northup  merely  sketched  it  in  their  figure  without  mentioning  it  in  their 
description.  It  is  prominent  in  all  active,  living  specimens  and  is  shown, 
much  as  Africa  (1930)  figured  it.  in  Figs.  1  and  2. 

All  accounts  of  species  agree  as  to  the  nature  and  location  of  the 
prepharynx  and  pharynx,  but  there  is  considerable  disagreement  as  to 
the  intestine.  Linton  stated  that,  "  intestinal  rami  were  not  distinctly 
shown"1  while  Miller  and  Northup  reported  '  very  narrow  intestinal 
ceca,  traceable  only  in  serial  sections,  reaching  almost  to  the  excretory 
vesicle."  Miller  and  Northup,  and  Africa,  figure  a  bifurcation  of  the 
short  esophagus  at  the  anterior  margin  of  the  ventral  sucker  and  slender 
intestinal  ceca  which  extend  caudally.  The  writer  was  unable  to  dis- 
tinguish such  intestinal  ceca,  and  study  of  later  stages  indicates  that  they 
probably  do  not  exist. 

The  description  of  the  excretory  system,  begun  by  Linton  and 
emended  by  Miller  and  Northup.  was  completed  by  Africa.  He  gave 
the  excretory  formula  as  2[  (2  -)-  2)-)-(2  -|-  2)  ]==  16  flame  cells,  and 
figured  the  flame  cells  with  connecting  tubules.  My  observations  are  in 
full  accord  and  verify  his  conception  of  certain  connecting  tubules  of 
which  he  was  nut  positive. 

Rudiments  of  the  reproductive  organs  were  observed  by  Linton  and 
also  by  Miller  and  Northup.  Lintoirs  observation  concerning  the  testes 
is  confirmed  but  the  structures  he  identified  as  the  rudimentary  ovary 
and  the  "beginning  of  the  uterus"  have  been  shown  in  the  present 
study  to  be  the  beginnings  of  the  cirrus  sac  and  the  ovary  respectively. 
lie  suggested  that  certain  granular  masses  might  be  the  "beginnings 
nf  diffuse  vitellaria,"  but  this  point  is  still  uncertain. 

The  two  pairs  of  cephalic  glands  shown  in  Fig.  1  have  been  de- 
scribed by  previous  workers.  But  in  addition,  by  intra-vitam  staining 
with  neutral  red,  I  have  been  able  to  recogni/e  six  pairs  of  glands  in 
the  region  just  posterior  to  the  ventral  sucker. 

Kx  1T.KI  M  KNTAL    STUDIKS 

Environmental  r.ffccls 
The   effects   of    various   dilutions   of    sea   water   on   the   activity   and 


longevity  of  these  cercari;e  were  reported  (  Stunkanl  and  Shaw, 
Specimens  placed  in  50  per  cent  and  J5  per  cent  sea  water  remained 
alive  as  Inn-  or  even  a  few  hours  longer  than  those  in  undiluted  sea 
water.  Room  temperature  was  used  in  all  of  these  experiments.  The 
ci-n-ari.-e  lived,  under  these  conditions,  for  36  to  70  hours. 

The  cercariae  were  much  more  resistant  than  those  of  other  species, 

rt'urin  i/nissf/i'iisis  Miller  and  Xorthup  (from  tin-  same  host), 

on    exposure    to    low    temperatures.      A    dish    containing    hundreds    of 
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recently  emerged  specimens  was  placed  at  a  temperature  of  4°  to  6°  C. 
The  early  reaction  was  an  increase  in  activity,  but  an  hour  later  they 
were  less  active  and  there  was  a  gradual  decrease  of  activity  during  the 
remainder  of  the  lifetime.  By  the  eighth  day  a  few  had  died,  by  the 
tenth  day  the  majority  were  dead,  and  only  a  few  showed  slight  activity 
on  the  twelfth  day.  The  same  experiment  with  Ccrcarla  quissetensis 
showed  that  species  to  be  much  less  resistant ;  each  cercaria  had  ceased 
all  activity  by  the  end  of  the  fourth  day. 

Infection  Experiments 

Since  the  cercarise  are  tailless,  they  are  unable  to  swim  and  an  inter- 
mediate host  must  be  present  in  the  immediate  vicinity  of  the  snail  from 
which  they  emerge.  Miller  and  Northup  described  their  activity  as, 
"  inch-worm  locomotion  ...  by  successive  attachment  of  posterior  end 
of  body,  modified  by  imagination  into  an  adhesive  disc,  then  extension 
of  body  and  attachment  by  ventral  sucker."  Very  rarely  one  was 
found  that  had  encysted  on  the  side  of  the  dish,  but  usually  they  showed 
gradual  decrease  in  activity  unto  the  point  of  death. 

Nereis  vircns  Sars.  was  successfully  infected  in  the  first  attempt  and 
gave  positive  results  in  all  later  experiments.  The  worm  was  placed 
in  a  bowl  of  sea  water  containing  several  hundred  recently  emerged 
cercariae.  After  an  exposure  of  from  two  to  five  hours  it  was  removed 
to  a  specimen  bowl,  which  contained  well  washed  sand  one-half  inch 
deep.  The  bowl  was  then  covered  with  a  piece  of  scrim  cloth  held  in 
place  by  a  rubber  band  and  placed  under  a  slowly  running  stream  of  sea 
water.  In  this  manner  the  infected  worm  could  be  kept  for  several 
weeks.  It  was  interesting  to  note  that  cysts  were  never  found  in  any 
part  of  the  host  other  than  the  parapodia.  Their  typical  location  in  the 
parapodium  is  indicated  in  Fig.  4 ;  no  doubt  the  rich  blood  supply  in  this 
region  affords  especially  favorable  conditions  for  development  of  the 
metacercariae.  At  frequent  intervals,  parapodia  were  clipped  off  and 
the  cysts  dissected  out  and  studied.  The  metacercarise  were  removed 
by  slightly  crushing,  or  dissecting  the  cysts,  and  studied  by  the  same 
methods  used  for  the  cercariae. 

Various  invertebrates,  including  other  annelids  (Hydroides  sp., 
Lumbrinereis  Jicbcs,  Scoloplos  robustus,  and  Arabella  opalina)  1  and  the 
flatworm,  Bdelloura  Candida,  were  used  in  similar  studies.  These  spe- 
cies were  selected  since  they  may  occur  in  the  same  habitat  as  Nassa 
obsoleta  and  conceivably  might  serve  as  hosts  of  the  parasite.  In  each 
instance  the  cercarise  crawled  over  the  surface  of  the  exposed  animal  and 
a  few  penetrated  the  body  wall  and  encysted.  Such  cercariae,  when 

1  The  author  is  endebted  to  Dr.  L.  P.  Sayles.  Department  of  Biology,  College 
of  City  of  New  York,  for  identification  of  the  last  three  forms. 
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removed  from  their  cysts,  did  not  manifest  the  activity  and  develop- 
mental changes  that  characteri/e  metacercaria;  dissected  from  cysts  in 
Nereis  z'irens.  In  no  other  host  did  development  occur;  on  the  con- 
trary the  larvae  died  and  the  cyst-,  became  brown  and  opaque,  according 
to  numerous  examinations. 

To  ohserve  the  method  of  penetration,  parapodia  were  cut  from  non- 
infected  Nereis  and  placed  in  Syracuse  watch  Classes  with  many  active 
cercariie.  In  a  few  moments  the  cercaria?  were  crawling  over  the  para- 
podia.  An  hour  later  several  were  in  very  much  contracted  form  and 
M-i-nicd  to  lie  inactive  hut  attached  to  the  parapodia.  A  short  time  later 
some  of  these  worms,  with  anterior  end  against  the  parapodium.  showed 
actual  ''pecking"  and  boring  movements.  At  the  end  of  two  hours 
-Mine  had  the  anterior  end  well  buried  in  the  parapodium  with  the  caudal 
end  showing  j^rcat  muscular  activity.  At  this  time  one  was  observed 
to  IK-  buried  in  the  tissue  with  only  the  extreme  posterior  tip  free-.  One 
hour  later,  examination  with  the  binocular  showed  some  within  the  para- 
podia and  with  walls  around  them.  Since  the  parapodia  began  to  show 
signs  of  disintegration  at  this  point  the  study  was  not  carried  farther. 
It  seems  quite  evident  that  the  cercarias  actually  bore  their  way  into  the 
tic-shy  parapodia  by  means  of  the  stylet,  and  presumably  the  secretion  of 
certain  glands,  notably  the  cephalic  glands,  aids  in  the  process. 

.\Y;v/.v  -I'irens  has  proved  to  be  an  extraordinarily  convenient  host  for 
such  a  study.  As  stated  above,  the  experimental  method  of  infestation 
was  very  simple  since  all  that  was  necessary  was  to  isolate  a  worm  in  a 
dish  with  hundreds  of  active  cercaria?  for  two  to  five  hours.  Each  time 
such  an  exposure-  was  made  the  majority  of  parapodia,  examined  later, 
contained  from  one  to  six  cysts---the  results  of  the  penetration  and 
encystment  of  as  many  cercaria.'.  The  infected  \ereis  could  he  kept 
alive  for  weeks  and  did  not  seem  to  stiller  I  rom  the  periodic  clipping  of 
its  parap"dia. 

DKVKI.OI-MKNT  01-   THK   M KTAC KKCAKIA   IN    XEREIS 

The  development  of  the  metacercana  within  its  cysts  is  typical,  since 
then-  is  a  gradual  reduction  of  larval  structures  with  concomitant  -rowth 
and  differentiation  of  the  organs  of  the  adult  sta-e.  which  is  yet  un- 
known. The  transformation  of  the  larva  from  cercaria  to  metaccrcaria 
is  shown  in  Figs.  (>.  7,  S.  10.  and  1  1. 

The  Cyst 

I  he  cysts  mav  be  rcadilv  observed  in  the-  parapodia  with  a  binocular 
mien  iM-opi-.  Tin-  wall  of  the  cvst  is  quite  transparent  in  earlv  stages 
and  never  becomes  truly  opaque,  even  in  later  stages,  as  Imi^  as  the  meta- 
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cercaria  is  alive.  In  older  stages  the  cyst  wall  consists  of  two  coats,  as 
shown  in  Fig.  5.  The  inner  coat,  which  is  formed  from  glandular  ma- 
terial of  the  larva,  is  thin,  clear,  and  easily  ruptured.  Around  it  there 
develops  a  thick  coat  of  connective  tissue,  produced  as  a  reaction  of  the 
surrounding  tissues  of  the  parapodium,  which  is  tough  and  difficult  to 
break.  Pressure  on  the  cyst  causes  the  contained  worm  to  squirm  and 
it  is  possible  to  observe  certain  features  very  clearly.  The  excretory 
vesicle  is  especially  prominent,  as  it  is  filled  with  concretions  that  make  it 
appear  dark.  The  cysts  increase  in  size  as  the  metacercarise  develop; 
Table  II  summarizes  measurements  made  of  cysts  of  various  ages. 

Loss  of  Larval  Structures 

The  large  cephalic,  or  penetration  glands  are  resorbed  and  have  dis- 
appeared entirely  by  the  sixth  day.  The  stylet  is  clearly  visible  and 

TABLE  II 

Measurements  of  cysts  of  CercaricBum  lintoni  M.  and  N.  which  had  been  dissected 
out  of  Nereis.  Each  figure  is  the  average  of  eight  or  more  measurements  made  of 
forms  in  an  uncovered  drop  of  water. 


Age 

Length 

Width 

days 

mm. 

m  m  . 

4 

.15 

.13 

13 

.21 

.155 

26 

.246 

.202 

36 

.258 

.191 

45 

.26 

.225 

apparently  unchanged  during  the  first  ten  days  of  the  encysted  stage. 
By  the  thirteenth  day  it  is  reduced  in  size  and  the  form  is  somewhat 
modified  as  the  tip  is  very  blunt.  In  the  cercarial  stage  the  stylet  meas- 
ures 0.0186  mm.  in  length  and  0.033  mm.  in  width.  In  the  thirteen-day- 
old  metacercaria  it  measures  0.0156  by  0.0022  mm. ;  in  the  twenty-two- 
day-old  0.0066  by  0.002  mm. ;  and  in  the  twenty-six-day-old  the  stylet  is 
lacking  completely. 

Development  of  Adult  diameters 

Certain  structures,  e.g.  the  details  of  the  excretory  system,  are  estab- 
lished in  the  cercarial  stage  and  seem  to  remain  constant  throughout 
development.  But  the  digestive  system  and  the  reproductive  organs 
become  more  developed,  or  at  least  more  evident,  as  the  metacercaria^ 
increase  in  age  and  size. 
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As  discussed  previously,  the  exact  nature  of  the  digestive  system  in 
the  cercarial  stage  is  doubtful.  The  prepharynx  is  long  with  the 
pharynx  just  anterior  in  the  ventral  sucker.  The  first  positive  observa- 
tions of  the  post-pharyngeal  region  of  this  system  obtained  by  the  writer 
were  in  the  study  of  a  living  ten-day-old  metacercaria,  in  which  it  was 
possible  to  see  a  single  tube  extending  posteriorly.  Liquid,  with  sus- 
pended granules,  was  being  forced  back  and  forth  in  this  tube.  In  the 
study  of  metacercarire  30  days  old  and  older,  it  was  easy  to  see  the  exact 
nature  of  the  entire  system  (see  Fig.  11)  in  both  living  and  mounted 
specimens.  The  esophagus  extends  posteriorly,  dorsal  to  the  gonads, 
and  in  the  region  posterior  to  the  cirrus  pouch  it  gives  rise  to  two  large 
bulb-like  intestinal  ceca. 

The  reproductive  organs,  as  they  appear  in  metacercarise  35  to  49 
days  old.  are  shown  in  Fig.  1 1.  The  testes  are  located  exactly  as  Linton 
described  them  in  the  cercariaeum.  The  vasa  deferentia  are  short, 
slightly  coiled  tubules  leading  to  the  cirrus  pouch,  in  which  they  unite 
to  form  a  seminal  vesicle.  From  the  vesicle  an  ejaculatory  duct 
traverses  the  cirrus  sac  and  the  genital  pore  is  situated  on  the  left 
margin  of  the  body  at  the  level  of  the  aperture  of  the  acetabulum.  The 
ovary  is  situated  just  anterior  to  the  excretory  vesicle,  as  reported  by 
Miller  and  Northup.  The  oviduct  is  short  and  communicates  with  a 
seminal  receptacle  on  the  right  side  of  the  body,  while  the  uterus  extends 
as  a  long  tortuous  canal  to  the  metraterm  which  is  parallel  to  the  cirrus 
sac  and  opens  at  the  genital  pore.  The  vitellaria  were  not  located  with 
certainty. 

Measurements  of  metacercarise  of  various  ages  (dissected  from  their 
cysts)  are  given  in  Table  III.  These  measurements  were  used  in  part 
in  constructing  Figs.  10  and  11.  Comparison  with  Table  I  shows  the 
extent  of  development. 

.  /</;<//  Host 

Only  one  attempt  was  made  to  determine  the  host  of  the  adult 
m-inatode  and  this  experiment  was  unsuccessful.  The  host  of  the 

EXPLANATION  OF  PLATE  II 

He.  7.  A  diagrammatic  sketch  of  a  ten-day-old  metacercaria  emerging  from 
its  c\  st  which  has  been  crushed  by  slight  pressure. 

Fie.  N.  Lateral  view  of  a  two-day-old  metacercaria  of  Cfrcariccum  lintoni, 
showing  tlie  relationship  of  the  most  prominent  structures  of  that  stage. 

HI,.  ''.  Diagram  to  show  the  plan  of  arrangement  of  the  spines  which  cover 
ace  oi  tii'  li'nK  of  ( '.  Union  and  its  metacercaria. 

l'ii..    in.     Diagrammatic   drawing  of    18-day-old   metacercaria   of   C.   lintoni. 

Y<  ntral   view. 

1C.    11.     Di.ii.' r.nnmatic    drauin.u    «\    -45-day-old    metacercaria    of    C.    lintoni. 
Ventral   view. 
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PLATE  II 
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adult  is,  presumably,  a  lish  which  eats  Xcrcis.  Since  the  eel  and  Xcrcis 
have  been  observed  in  the  same  habitat  in  the  Woods  Hole  region,  since 
iris  are  believed  to  eat  clam  worms,  and  since  the  eel  is  a  hardy  animal 
which  will  withstand  laboratory  conditions,  this  species  was  selected 
fur  the  experiment.  (  )n  August  7.  1'Ml  two  infested  Xcrcis  rircus 
(one  containing  45-  and  the  other  .^X-day-old  metacercaria- )  were  fed 
to  an  eel,  Aiii/nil/a  chrisypa  l\af.  The  eel  died  three  weeks  later  but  no 
trematodes  were  found. 

DISCUSSION 

When  it  was  discovered  that  Cercariceum  liuloni  would  develop  in 
Nereis  rircns.  it  appeared  probable  that  advanced  metacercarial  stages 

TABLE  III 

Mfiisurotients  of  metacercaria;  of  Cercariceum  lint  on  i  M.  mnl  .\.     All  measure- 
nients  are  in  millimeters;  all  measurements  made  from  living  specimens. 


13  (lavs 
old 

18  days 
old 

27  days 

old 

45  davs 
old 

Length 

.4' 

46 

47 

>7^ 

Width  

.15 

.1725 

.24 

.215 

Oral  sucker   length 

075 

07 

07 

065 

width 

.06 

.06 

.0625 

.06 

Ventral  sucker,  length    

.07 

.075 

.075 

.075 

width                

.085 

.08 

.075 

075 

Pharynx,  length             .        

.035 

.04 

.042 

.0484 

width 

.032 

.035 

038 

.0374 

Testis,  length 

.065 

.06 

.065 

.08 

width 

.06 

.06 

07 

085 

Ovary,  length 

.05 

.05 

.055 

.06 

width  . 

.06 

.06 

.06 

.06 

Excretory  vesicle,  length  

.(175 

.075 

.07 

.075 

width 

.07 

.08 

.09 

.09 

M  vlt-t  ,  length  . 

.0156 

.0143 

.0066 

widt  h  

.0022 

.0022 

,002 

would  be  sufficiently  mature  so  that  comparison  of  them  with  descrip- 
tions of  marine  trematodes  miidit  surest  the  adult  form.  It  was 
thought  that  at  least  the  family  to  which  they  In-long  could  be  deter- 
mined. This  hope  has  not.  however,  been  reali/ed.  Kxamination  of 
the  papers  by  Looss  (1894),  Lube  il'»(><>).  <  Mhner  (1911),  Lint.m 
(  IS'JX.  1899,  l'")4,  1907,  1910),  Manter  (1926,  1931),  and  Fuhrmann 

i  l''JS)  has  failed  to  disclose  a  trematode  that  could  be  considered  as 
the  adult  form  of  ( '.  lintaiii. 

I'alombi   (  l(».-ii>)   worked  out  the  lite  history  of  a  tailless  cercaria  at 

Xaples  ami  found  that  it  developed  into  Diphterostomum  hrnsiiuc  i  Stos- 

.  a  member  of  the  family  Xoo^onid.-e.      I  le  compared  the  cercaria  of 
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D.  bnisiiuc  with  Ccrcaritcuni  Union!  and  concluded  that  they  were  closely 
related  species.  He  stated:  Ccrcaria-itin  Union!  Miller  e  Northup 
parassita  die  Xass^:  obsolcta  (Say),  presenta  sensihili  affinita  con  la 
cercariae  di  Diphterostomum  In-nsiiuc  Stoss.  parassita  di  Nassa  nnitabilis 
L.,  N.  rclicnlata  L.  e  Natica  Poliana  Delle  Chiaie.  Non  e  improbabile 
che  essa  rap])resenti  la  forma  larvale  die  una  specie  clella  famiglia 
Zoogon'nhc  Oclhner."  Table  IV  gives  a  detailed  comparison  of  the  two 


TABLE  IV 

Comparison  of  the  cercariceiim  of  Diphterostomum  brusina  Stossich  and  Cercariccum 

lintoni  Miller  and  Northup 


Cercariseum  of  D. 
brusinae  Stoss. 


Cercarireum  lintoni 
M. and  N. 


Length  

Width 

Size  of  ventral  sucker 

Position  of  ventral  sucker.. 
Lateral  view  of  v.  sucker.  . 


Stylet 

Pre-pharynx 
Pharynx . . . . 


Esophagus 
Intestinal  ceca 
Testes . 


(ienital  pore 


Sporocyst 

Free  living  stage 

Encystment .... 


Mode  of  entrance  into  next 
host  after  snail . 


.23  mm. 

.10  mm. 

Considerably  larger  than 

oral  sucker. 
Just    posterior   to   middle 

region. 
Shows  two  peculiar  "  prom 

inences." 
Present. 
None. 
Just    posterior   to   oral 

sucker. 
Long. 

Slender  and  short. 
Just   posterior  to  ventral 

sucker. 
Median,  slightly  anterior. 

In  Nassa  mutabilis. 
None. 

In  snail  host;  in  or  out  of 
sporocyst. 

Eaten  by  fish. 


.32  mm. 

.102  mm. 
Slightly    larger    than    oral 

sucker. 
In  middle  region. 

Without  peculiar  promi- 
nences (Fig.  8). 

Present. 

Long. 

Just  anterior  to  ventral 
sucker. 

Rather  long. 

Short,  bulb-like. 

Just  posterior  to  ventral 
sucker. 

Lateral,  left,  just  posterior 
to  ventral  sucker. 

In  Nassa  obsoleta. 

Emerges  from  snail;  active 
for  hours. 

In  parapodia  of  Nereis  m- 
rens. 

Penetrate  parapodia  of  Ne- 
reis virens. 


species  and  indicates  that  they  are  not  as  closely  related  as   Palombi 
believed. 

Palombi  suggested  that  Ccrcariccum  Union!  may  be  the  cercarial 
form  of  a  species  of  Dcretrcina  Linton.  Family  Zooyonidcc.  The  mor- 
phological characters  of  the  metacercaria  show,  however,  that  the  species 
does  not  belong  to  the  genus  Dcrctrcma.  In  the  arrangement  of  repro- 
ductive organs  it  agrees  with  members  of  the  family  Zoogonidcc,  but 
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the  digestive  system  i>  very  different.  The  digestive  system  of  the 
metacercaria  resembles  that  of  Saccococlium  Looss  (Family  Haplo- 
porid(c),  but  the  reproductive  organs  do  not  corre-pond  to  those  of  the 
Haploporida.  It  is.  accordingly,  impossible  to  assign  (".  Ihitonl  to  any 
family  as  they  are  at  present  characterized,  and  determination  of  the 
systematic  position  of  the  species  must  await  further  knowledge. 

SUMMARY 

The  description  of  Cercariccum  lintoni  Miller  and  Xorthup  as  given 
by  earlier  worker^  is  supplemented  and  emended  in  the  light  of  knowl- 
edge obtained  by  comparing  the  cercaripeum  with  its  metacercarial 
stage,  developed  in  experimental  animals.  The  true  nature  of  the 
digestive  and  reproductive  systems  is  made  clear. 

Ci-rctiritcmn  lintoni  penetrated  the  parapodia  of  AVrr/\  i-ircns,  en- 
cysted,  and  developed  into  the  metacercarial  stage.  Although  the  cer- 
caria  would  penetrate  and  encyst  in  other  invertebrates,  the  clam  worm 
was  the  onlv  form  in  which  development  was  secured.  Xcrcis  rircns 
appears  to  be  a  natural  host.  The  metacercaria  develops  adult  features 
as  the  larval  characters  disappear. 

It  is  difficult  to  determine  the  relationship  of  this  species  to  other 
treinatode  groups;  the  digestive  s\  >tem  i>  similar  to  that  of  the  species 
of  the  family  Haploporidce,  but  the  arrangement  of  the  reproductive 
organ>  is  very  different  and  resembles  that  of  the  Zoogonidce.  Palom- 
1)]"-  suggestions  concerning  the  relations  of  tin-  species  are  discussed. 
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HEMOLYTIC  ACTION  OF  SILVER  OCCURRING  AS  AN 

IMPURITY  IN  CHEMICALLY  PURE 

SODIUM  CHLORIDE1 

ERIC    G.    BALL2 

(From   the   Marine  Biological  Laboratory,    Woods  Hole,    Mass.,   and  Department   of 
Physiological  Chemistry,  Johns  Hopkins  Medical  School) 

The  hemolysis  of  fish  erythrocytes  when  placed  in  isotonic  solutions 
made  from  certain  brands  of  sodium  chloride  C.P.  has  been  reported 
by  Williams  and  Jacobs  (1931).  The  experimental  results  presented 
by  these  investigators  suggest  an  impurity  in  the  salt  as  the  causative 
agent.  Since  sodium  chloride  is  the  main  constituent  of  most  isotonic 
mediums  used  in  biological  experiments  it  seemed  of  importance  to 
determine  the  exact  nature  of  this  toxic  principle.  Data  will  be  pre- 
sented in  this  paper  to  show  that  the  hemolysis  of  fish  erythrocytes  by 
isotonic  solutions  made  from  certain  brands  of  so-called  chemically 
pure  sodium  chloride  is  due  to  the  presence  of  small  amounts  of  silver 
occurring  as  an  impurity  in  the  salt. 

PROCEDURE 

Fish  were  bled  directly  from  the  ventral  aorta  into  a  beaker.  The 
blood  was  defibrinated  and  the  fibrin  removed  by  filtering  through 
dry  cheesecloth  that  had  been  washed  in  distilled  water.  The  blood 
was  then  centrifuged  for  five  minutes  at  a  rate  just  sufficient  to  cause 
separation  of  the  cells  and  serum  and  the  cell  volume  roughly  adjusted 
when  necessary  to  the  normal  value  of  25  per  cent  so  as  to  insure 
uniformity  in  the  cell  content  of  blood  obtained  from  different  fish. 
This  procedure  was  found  to  be  necessary  as  the  rate  of  hemolysis  was 
affected  by  the  amount  of  red  cells  used.  One  drop  of  the  remixed 
blood  was  added  from  a  bulb  pipette,  constructed  so  as  to  deliver  uni- 
form drops  (1  cc.  - --  28  drops),  to  25  ml.  of  the  isotonic  (0.25  M) 
sodium  chloride  solutions  contained  in  test  tubes  (200  X  30  mm.). 
The  progress  of  hemolysis  with  time  was  followed  by  visual  inspection. 

1  Presented  before  the  American  Society  of  Biological  Chemists  at  Philadelphia, 
April  28-30,  1932. 

2  With   the  cooperation   of   Harold    Blumberg,    Department    of    Biochemistry, 
Johns  Hopkins  School  of  Hygiene  and  Public  Health. 
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RESULTS 

The  blood  cells  of  different  species  of  fish  show  a  wide  variation 
in  their  resistance  to  hemolysis  when  placed  in  isotonic  solutions  of 
various  brands  of  sodium  chloride.  In  Table  I  are  assembled  repre- 
sentative times  for  complete  hemolysis  of  the  blood  cells  of  a  number 
of  species  of  marine  fish  when  placed  in  isotonic  solutions  made  from 
four  different  brands  of  sodium  chloride.  The  blood  cells  of  both  the 

TABLE  I 

Hemolysis  time  for  the  erythrocytes  of  various  species  in  isntcm'c  sodium  chloride 


Species 

Brand 
1 

Brand 
2 

Brand 
3 

Brand 
6 

(  unner 
(  Tautogolabrus  adspcrsiis') 

No  hemolysis 

5  min. 

(>  min  . 

7  min. 

Tinker  Mackerel 

•iif't'r  scombrus) 

No  hemolysis 

5.5  min  . 

7.5  min. 

27  min. 

Bull's  Kyr  Mackerel 
•  Scomber  co/ias) 

No  hemolysis 

3  min. 

4  min. 

5  min. 

Hutterfish 
(Port>ttf>tns  triaanit  hits)       

No  hemolysis 

4  min. 

5  min. 

10  min. 

Flounder 

(I'liitessa  dentatns)    

No  hemolysis 

1(1  min. 

Ill  min. 

15  min. 

Scup 
(Stenototnus  chrysops)  

No  hemolysis 

18  min. 

32  min. 

Tautog 
(Tautoga  onitis)  

No  hemolysis 

11  min. 

3  \  min. 

'  ommon  Sea  Robin 
(Prionotus  carolinus)  

No  hemolysis 

25  min. 

25  min. 

30  min. 

Rudder  Fish 
(Palinurichthys  perciformis)  

\o  hemolysis 

25  min. 

25  min. 

20  min. 

Dogfish 
i  \I  Hstelus  cants) 

No  hemolysis 

75  min. 

60  min. 

in. ii  kerel  and  the  cunner  are  rapidly  hemolyzed.  Since  both  of  these 
-pecies  were  easily  obtainable  and  afforded  a  rapid  means  of  testing 
I'm  the  t«»\ic  principle  they  were  used  throughout  in  the  work  that 
follows.  (Table  VI  excepted.) 

1  >f  the  four  brands  shown  in  Table  I  only  No.  1  was  non-toxic. 
Thi-  i-  a  Kahlbaum's  salt,  which  agrees  with  the  findings  of  Williams 
ami  J.H  obs.  This  salt  is  the  only  one  which  is  not  mined.  It  is  pre- 
pared from  -odium  <  arbonate  and  hydrochloric  acid  in  porcelain  vats. 
Tin-  fact  would  immediately  lead  one  to  suspect  the  occurrence  of  an 
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impurity  in  the  other  salts.  However,  when  seeking  the  cause  for 
toxic  actions  of  single  salt  solutions  on  biological  material  it  is  always 
necessary  to  keep  in  mind  the  action  of  so-called  antagonistic  ions. 
That  the  lack  of  antagonistic  ions  cannot  be  the  explanation  in  this 
case  is  shown  by  the  results  presented  in  Table  II. 

An  isotonic  solution  of  sodium  chloride  which  showed  rapid  hemoly- 
sis  was  progressively  diluted  with  sea  water  that  had  also  been  made 
isotonic  by  dilution  and  which  caused  no  hemolysis.  Since  sea  water 
contains  a  suitable  mixture  of  the  ions  deemed  necessary  to  form  a 
physiologically  balanced  solution,  such  admixture  should  result  in  the 

TABLE  II 

Effect  of  dilution  of  toxic  salt  solution  with  isotonic  sen  water. 
0  =  no  hemolysis;  +  +  +  +    =  complete  hemolysis. 


Isotonic* 
sea  water 

0  ml. 

5  nil. 

10  ml. 

15  ml. 

20  ml. 

25  ml. 

NaCl  No.  2 

25  ml. 

20  ml. 

15  ml. 

10  ml. 

5  ml. 

0  ml. 

Hemolysis  Time 

min. 

1 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

4 

+  + 

+ 

0 

0 

0 

0 

5 

+  +  +  + 

+ 

0 

0 

0 

0 

6 

+  + 

+ 

0 

o 

0 

7 

+  +  +  + 

+  + 

0 

0 

0 

8 

+  + 

0 

0 

0 

9 

+  +  + 

+ 

0 

0 

10 

+  +  +  + 

+  + 

0 

0 

15 

+  +  +  + 

0 

0 

100 

+  +  +  + 

0 

*  Similar  results  obtained  when  a  non-toxic  salt  solution  substituted  for  isotonic 
sea  water. 

complete  disappearance  of  the  toxic  action.  However,  as  can  be  seen 
from  the  data  presented,  the  toxic  effect  persisted,  though  diminished, 
even  when  sea  water  formed  as  much  as  80  per  cent  of  the  mixture. 
Moreover,  almost  identical  results  were  obtained  when  the  dilution 
was  made  with  a  non-toxic  sodium  chloride  solution.  Thus  the  pres- 
ence of  calcium,  magnesium,  and  potassium  had  no  effect  on  the  toxic 
action.  Therefore,  it  seemed  reasonable  to  conclude  that  the  toxic 
action  was  caused  by  an  impurity. 

In  order  to  determine  whether  this  impurity  present  in  sodium 
chloride  was  organic  or  inorganic,  samples  of  salts  that  showed  hemo- 
lytic  effects  were  fused  in  a  platinum  crucible  and  held  in  the  liquid 
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-late  for  at  least  fifteen  minutes.  Such  treatment  should  destroy,  at 
least  partially,  any  organic  matter  present.  Hence  if  the  impurity  is 
organic  in  nature,  isotonic  solutions  made  from  the  fused  salt  should 
c.i use  little  or  no  hemolysis  whereas  the  toxic  action  should  remain 
undiminished  it  the  impurity  is  inorganic. 

As  shown  in  Table  III,  fusing  caused  no  diminution  in  the  toxic 
action  of  a  salt ;  in  fact ,  an  increase  in  toxicity  seemed  to  have  occurred. 
Hence  the  impurity  was  classed  as  an  inorganic  sul stance.  The  only 
reasonable  explanation  for  the  increased  toxicity  after  fusion  seemed 
to  be  the  formation  of  oxides  with  an  attendant  increase  in  alkalinity 
of  the  resulting  solution.  Rough  tests  with  indicators  showed  that 

TABLE  III 

/[••wnlytif  action  of  rurimis  .suits  before  and  after  fusion. 

X<i.  ==  >\\irl  gone — disappearance  of  characteristic  swirl  shown  by  cells  on 
shaking. 


It* 

1 

1 

Fused 

2 

2 
Fused 

3 

3 
Fused 

4 

5 

6 

IIemolv-.i- 

Time 

m  i  n  . 

1 

0 

0 

0 

0 

(I 

0 

0 

0 

(1 

2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

S.G. 

+  + 

0 

+  + 

0 

0 

0 

4 

0 

0 

+  + 

+  +  +  + 

S.G. 

+  +  +  + 

0 

0 

(1 

5 

0 

0 

+  +  +  + 

S.G. 

0 

0 

S.G. 

6 

0 

0 

+ 

0 

0 

+ 

7 

0 

0 

4-  + 

0 

0 

+  +  + 

3 

(1 

0 

+  +  + 

0 

0 

+  +  +  + 

'i 

0 

0 

+  +  +  + 

0 

0 

10 

0 

0 

0 

0 

JOO 

0 

0 

0 

0 

*  Kach  number  represents  a  different   brand  <it   Mxliuni  chloride,  except    Nn.  5 
\\hich  was  prrp.m-d  from  rn  i  \  >i  alli/rd  -odium  <  .irUmaU1  and  hydrochloric  arid. 

Mich  was  t  lie  case,  suggesting  t  hal  the  toxic  action  might  vary  with  pi  1. 
In  the  hope  that  some  light  might  be  thrown  on  the  nature  of  the 
inorganic  impurity  pie-cut  in  the  sodium  chloride,  a  study  of  the  effect 
ot  pH  on  the  rate  of  hemolysis  was  made.  The  results  of  one  such 
experiment  are  shown  in  Table  IV.  The  pH  was  controlled  by  adding 
!  ml.  of  buffer  to  2.^  ml.  of  isotonic  salt  solution,  a  procedure  which 
altered  the  isotonicity  but  little.  The  difference  in  pH  produced  by 
dilution  ,,(  tin-  buffer  was  not  detectable  colorimetrically.  As  the  pH 
increases,  the  rate  of  hemolysis  also  increases.  Below  pH  5.0  the 
hemolytic  action  is  very  slow  and  if  present  is  masked  by  a  change 
produced  ,,n  t|u.  (-(.||s  |,y  (|u.  a(.jd  solutions.  This  effect  of  pH  sug- 
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gested  as  a  working  hypothesis,  since  the  impurity  was  inorganic,  that 
the  causative  agent  was  a  cation  combining  with  the  protein  of  the 
cell  wall  only  on  the  alkaline  side  of  its  isoelectric  point.  That  this 
viewpoint  of  the  mechanism  may  be  entirely  erroneous  is  fully  recog- 
nized, but  as  a  working  hypothesis  in  the  identification  of  the  impurity 
it  proved  useful. 

It  now  seemed  reasonable  to  suppose  that  since  all  the  brands  of 
sodium  chloride  that  contained  this  impurity  came  from  a  natural 
source,  the  unpurified  or  table  salt  would  contain  larger  quantities  of 
the  toxic  inorganic  substance.  Isotonic  solutions  made  from  several 
samples  of  table  salt  were  found  to  be  turbid  because  of  the  ingredients 
added  to  prevent  caking.  On  filtering  these  solutions,  it  was  found 

TAHI.K  Y 

of  Impurity  i>y  Adsorption  on  Ai  United  Charcoal  unit  Kccoirry  on  Ashing 


l 

IX* 

2 

2N 

3 

3N 

6 

6N 

lAt 

IB: 

llcninlysis 

Time 

min. 

1 

0 

0 

(1 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

(1 

0 

0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

+ 

0 

0 

0 

4 

0 

0 

+  + 

0 

+ 

0 

+  + 

0 

0 

0 

5 

0 

0 

+  +  +  + 

0 

+  + 

0 

+  +  + 

0 

S.G. 

0 

6 

0 

0 

0 

+  +  + 

0 

+  +  +  + 

0 

S.G. 

0 

7 

(1 

0 

0 

+  +  +  + 

0 

0 

+ 

0 

10 

(t 

0 

0 

0 

0 

+  +  +  + 

0 

200 

0 

0 

0 

0 

0 

+  +  +  + 

*  N  designates  salt  solution  shaken  with  activated  charcoal  (Norite). 
f  NaC  1   No.   1   plus  the  ash  of  charcoal  that    had  been  shaken  with  a  toxic  salt 
solution. 

I  .Nat  1  No.  1  plus  the  ash  of  untreated  charcoal. 

that  they  caused  no  hemolysis  of  fish  erythrocytes.  A  possible  expla- 
nation for  this  seemed  to  be  that  the  toxic  principle  had  been  adsorbed 
and  removed  by  the  fine  particles  that  had  been  filtered  off.  Though 
this  proved  not  to  be  the  case,  as  will  be  shown  later,  it  suggested 
attempting  to  remove  the  impurity  from  the  toxic  solutions  by  adsorp- 
tion.  Animal  rhanoal  seemed  to  be  the  best  adsorbent  to  use,  since 
if  the  inorganic  impurity  was  adsorbed  it  could  be  concentrated  by 
Hili-equent  ashing  of  the  charcoal. 

The  results  given  in  Table  Y  show  that  when  a  toxic  solution  of 

lium  chloride  i-  shaken  with  charcoal  and  the  charcoal  removed,  the 

ultinv:   -olutioii   has  lost  its  toxic  action.      It   this  charcoal  is  now 

a-hed,   the  a-h    treated   with   HC1,  neutralized,  and  a  small   portion 
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added  to  a  non-toxic  solution  of  NaCl,  hemolysis  occurs.  The  ash  of 
untreated  charcoal  also  shows  a  faint  hemolytic  action  though  very 
unlike  the  pronounced  action  of  the  treated  charcoal. 

Since  the  adsorption  of  the  impurity  on  charcoal  furnishes  a  simple 


EXPLANATION  OF  PLATE  I 

Ag1— Silver  line  X3280.67  A.U. 
Ag2— Silver  line  X3382.89  A.U. 
Na — Sodium  line 


B 


1.  Woods  Hole  Sea  Salt  (non-toxic) 

2.  AgN03 

3.  NaCl  Brand  No.  3  (toxic) 

C 

1.  Graphite  Electrodes 

2.  Table  Salt  No.  1  (non-toxic) 

3.  Table  Salt  No.  2  (non-toxic) 


1.  Graphite  Electrodes 

2.  NaCl  Brand  No.  4  (non-toxic) 

3.  NaCl  Brand  No.  2  (toxic) 

D 

1.  Graphite  Electrodes 

2.  Ash  of  untreated  charcoal 

3.  Ash  of  charcoal  shaken  with  NaCl  No.  2 


E 

1.  Graphite 

2.  NaCl  No.  3  made  non-toxic  by  shaking  with  charcoal 

3.  NaCl  No.  3  (toxic) 

Obtained  with  Hilger  El  Quartz  Spectrograph,  using  graphite  arc  and  with  technique 
similar  to  that  described  by  Shipley,  Scott,  and  Blumberg  (1932). 

means  of  purifying  sodium  chloride  solutions  for  future  use,  it  may 
be  worthwhile  to  give  in  detail  the  procedure  followed.  To  each  liter 
of  isotonic  salt  solution,  two  grams  of  animal  charcoal  (Norite)  were 
added  and  shaken  intermittently  throughout  the  day.  The  solution 
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was  then  allowed  to  stand  overnight  and  the  charcoal  filtered  off  in 
the  morning,  tin-  lilt  rate  then  being  ready  for  use.  The  removal  of 
the  impurity  seems  to  he  a  slow  process  as  the  addition  of  more  char- 
coal with  more  frequent  shaking  does  not  enable  one  to  obtain  a  non- 
toxic  solution  in  shorter  time.  It  is  possible  that  a  small  amount  of 
sodium  chloride  is  also  removed  by  the  charcoal,  which  would  change 
slightly  the  concentration  of  the  solution.  This  change  would  be  sig- 
nificant only  where  extremely  accurate  work  is  contemplated.  Purifi- 
cation of  the  salt  by  recrystallization  is  ineffectix  «•. 

Since  a  concentration  of  the  toxic  material  was  now  possible  by 
adsorption  on  charcoal  and  subsequent  ashing,  a  spectrographic  iden- 
tification of  the  inorganic  impurity  seemed  possible.  Attempts  to 
duplicate  the  hemolytic  action  by  addition  of  various  inorganic  salts 
to  non-toxic  solutions  had  failed. 

The  results  obtained  with  the  spectrograph  are  shown  in  Plate  I  ! 
and  indicate  that  silver  is  the  impurity  present  in  the  sodium  chloride 
that  causes  hemolysis  of  erythrocytes.  Those  brands  of  salt  that 
showed  hemolysis,  Nos.  2  and  3,  give  the  raies  itltinics  of  silver. 
Woods  Hole  sea  water  and  Brand  No.  4,  which  do  not  cause  hemolysis, 
contain  no  detectable  silver.  It  was  also  impossible  to  detect  silvei 
in  two  brands  of  table  salt  that  were  non-hemolytic.  It  had  previ- 
ously been  thought  that  isotonic  solutions  made  from  these  salts  were 
non-hemolytic  due  to  the  removal  of  the  toxic  principle  by  adsorption 
on  insoluble  matter  contained  in  them  which  was  filtered  off  before  use. 

A  comparison  of  the  spectrographs  of  the  ash  of  charcoal  that  had 
been  shaken  with  a  toxic  salt  solution  and  of  the  ash  of  untreated  char- 
coal show  the  silver  lines  to  be  much  brighter  in  the  former  than  in  the 
latter.  The  presence  of  silver  in  the  untreated  ash  explains  the  de- 
layed hemolysis  that  resulted  on  the  addition  of  this  ash  to  a  non-toxic- 
salt  solution  (see  Table  Y).  Finally,  a  comparison  of  the  spectro- 
graphs of  a  toxic  sodium  chloride  before  and  after  shaking  with  char- 
coal shows  that  the  silver  lines  have  completely  disappeared  due  to 
the  charcoal  neat  mem.  These  results  would  seem  to  indicate  thai  in 
whatever  state  silver  exists  in  the  sodium  chloride  solutions,  it  is 
readily  adsorbed  by  activated  charcoal,  and  that  the  presence  ol  silver 
is  always  attended  by  hemolytic  action. 

It  remained  to  be  shown  th.tt  hemolysis  could  be  produced  by  the 
addition  ol  -mall  amounts  of  silver  to  a  non-toxic  salt  solution.  Since 
the  marine  fish  that  had  been  used  in  the  first  part  of  this  investigation 
were  not  obtainable  in  Baltimore,  it  was  necessary  to  use  freshwater 
fish.  Sexeral  specimens  of  trout  and  perch  were  obtained  from  the 

Kim  \>\    Ml.   I'.lumbrr^. 
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State  Hatcheries.4  The  erythrocytes  of  both  these  species  were  hemo- 
lyzed  rapidly  both  by  a  toxic  salt  solution  and  by  a  non-toxic  salt 
solution  plus  a  small  amount  of  silver  nitrate.  A  typical  experiment 
is  shown  in  Table  VI. 

It  can  be  seen  that  when  silver  nitrate  is  added  to  a  non-toxic  salt 
solution  to  give  a  final  concentration  of  added  silver  equal  to  10~5 
molar,  hemolysis  occurs  in  about  the  same  time  as  in  a  toxic  salt 
solution.  This  added  silver  can  then  be  removed  by  shaking  with 
charcoal  and  a  non-hemolytic  solution  obtained.  Solutions  stronger 
in  silver  than  10~5  molar  are  not  obtainable,  as  a  precipitate  of  silver 

TABLE  VI 

Hemolysis  of  Trout  Erythrocytes  by  Silver 


Solution  number 

i 

2 

3 

4 

5 

Solution  1 

Solution  2 

Solution  2 

Solution  3 

NaCl  No.  2 
0.15  M 

shaken  with 
charcoal  and 
filtered 

plus  AgNOs 
to  give 
[Ag]  =  10-5  M 

plus  AgNOs 
to  give 
[Ag]  =  10-6  M 

shaken  with 
charcoal  and 
filtered 

Hemolysis  Time 

min. 

<Ml 

1 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

3 

0 

0 

S.G. 

0 

0 

4 

S.G. 

0 

+ 

0 

0 

5 

+  + 

0 

+  + 

0 

0 

6 

+  +  + 

0 

+  +  + 

0 

0 

7 

+  +  +  + 

0 

+  +  +  + 

0 

0 

8 

0 

0 

0 

9 

0 

0 

0 

10 

0 

S.G. 

0 

15 

0 

+ 

0 

20 

0 

+  +  + 

0 

30 

0 

+  +  +  + 

0 

chloride  results.  Solutions  made  hemolytic  by  the  addition  of  silver 
show  the  same  reaction  to  pH  as  a  toxic  salt  solution  (see  Table  IV). 

This  leaves  little  doubt  that  silver  is  the  toxic  agent  in  sodium 
chloride  that  causes  hemolysis  of  fish  erythrocytes.  From  a  compar- 
ison of  the  rates  of  hemolysis  in  a  toxic  salt  solution  and  a  non-toxic 
salt  solution  plus  known  amounts  of  silver,  the  concentration  of  silver 
in  various  brands  of  sodium  chloride  is  found  to  be  of  the  order  of 
magnitude  of  10~3  to  10~4  per  cent  by  weight. 

Other  inorganic  salts  were  tested  for  their  hemolytic  action.  The 
following  salts  were  added  to  a  non-toxic  salt  solution  to  produce  con- 
centrations ranging  from  10~3  to  10~6  molar:  Aids,  AuCls,  BaCU, 

4  Through  the  courtesy  of  Mr.  Swepson  Earle,  Commissioner. 
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lo,  CaCl,,  CdCl,.  CeCl4)  CoCl3,  CrCl3,  CsCl,  CuCl2,  FeCl3,  HgCl,. 
KC1,  LaCl.,,  LiCl,  M^('12.  MnCl2.  NH^Cl,  NiCl2,  PbCl2,  PdCl2, 
HoPtCle,  RbCl,  KliCI:,,  RuCl3,  SbCl3f  SnCl2)  SrCl2)  ThCl,,  TiCl3, 
T1C1,  UO2(NO.f).:,  X'Clj.  Xn(12.  Only  mercury  and  palladium  showed 
marked  hemolytir  action.  Hemolysis  by  the  mercuric  salt  was  always 
accompanied  by  a  turbidity  of  the  solution.  The  palladium  salt  pro- 
duced a  rapid  hemolysis  giving  a  clear  solution  at  dilutions  similar  to 
that  for  silver.  That  palladium  is  not  the  impurity  present  in  sodium 
chloride  can  be  easily  shown  by  the  addition  of  sodium  iodide.  Con- 
centrations of  palladium  (10  5  to  10  "  molar)  that  cause  hemolysis  at 
rates  similar  to  that  of  toxic  salt  solution  show  a  pronounced  brown 
coloration  on  the  addition  of  Nal  due  to  the  formation  of  insoluble 
palladium  iodide.  The  addition  of  iodides  to  a  toxic  salt  solution 
causes  no  coloration  but  does  delay  hemolysis,  probably  because  Agl 
is  formed,  which  is  more  insoluble  than  AgCl. 

The  striking  similarity  in  hemolytic  action  of  silver  and  palladium 
is  of  interest  for  these  two  elements  lie  in  entirely  different  groups. 
Since  silver  and  mercury  have  been  widely  used  as  bactericidal  agents 
danuuiTfctw.  the  possibility  suggests  itself  that  palladium  might  also  be 
useful  in  this  connection,  especially  since  its  chloride  is  so  much  more 
soluble  than  that  of  silver. 

I  )|s(Tss|<  »N 

In  searching  for  a  toxic  inorganic  impurity  in  sodium  chloride,  it  is 
doubtful  if  silver  would  be  among  the  first  elements  to  be  considered. 
The  low  solubility  of  silver  chloride  is  a  well-known  fact,  and  according 
to  the  solubility  product  one  would  expect  its  solubility  to  be  still 
lower  in  the  presence  of  excess  chloride  ions.  However,  there  is  evi- 
dence in  the  literature  to  show  that  silver  chloride  tends  to  form 
soluble  <  omplexes  in  sodium  chloride  solutions.  Pinkus  and  Berko- 
laiko  (1()30)  have  presented  data  to  show  that  the  solubility  of  AgCl 
increases  as  the  concentration  of  sodium  chloride  rises.  This  fact, 
coupled  with  the  knowledge  that  quantities  of  minute  importance  to 
the  analyst  are  of  extreme  physiological  significance,  tend  to  lessen  the 
iiii  redibility  of  the  toxic  action  of  sil\cr  occurring  as  an  impurity  in 
sodium  chloride. 

A-  ^tated  early  in  this  paper,  it  was  found  that  all  brands  of  salt 
that  showed  henioK  tic  properties  were  mined.  However,  crude  table 
-.ilt  which  i-  also  mined  contains  no  silver,  so  that  it  seemed  unlikely 
that  the  silver  occurred  in  the  natural  deposits.  After  much  inquiry 
il  \\a-  found  that  the  final  step  in  the  purification  of  crude  mined  salt 
tor  the  chemical  trade  was  canied  out  in  silver-lined  vessels  because 
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less  corrosion  occurred  in  such  vessels.     This  then  would  appear  to  he 
the  source  of  the  silver  that  occurs  in  some  brands  of  sodium  chloride. 

The  presence  of  silver  in  sodium  chloride  as  observed  here  is  not 
a  chance  occurrence.  In  a  private  communication,  Dr.  E.  XYichers 
states  that  Mr.  A.  Isaacs  found  silver  to  be  present  when  testing  sodium 
chloride  for  suitability  as  a  chemical  reagent.  He  also  points  out  that 
the  specifications  for  sodium  chloride  published  by  the  American 
Chemical  Society  (1928)  indicate  that  silver  may  be  found. 

Since  presenting  this  paper  before  the  Society  of  Biological  Chem- 
ists, there  has  come  to  my  attention  several  instances  in  which  the 
employment  of  an  artificial  biological  medium  composed  of  sodium 
chloride  in  whole  or  in  part  has  proved  unsuitable.  If  the  brand  of 
sodium  chloride  used  was  changed,  usually  to  Kahlbaums,  which  has 
been  found  silver-free,  the  medium  became  satisfactory  in  all  respects. 
That  the  toxic  action  of  certain  brands  of  sodium  chloride  is  not  limited 
to  the  hemolysis  of  fish  erythrocytes  has  been  shown  by  Williams  and 
Jacobs  (1931).  These  workers  have  found  that  salts  which  cause 
hemolysis  usually  also  exhibit  a  more  toxic  action  on  various  other 
marine  organisms.  It  has  also  been  observed  in  this  laboratory  that 
not  only  fish  but  also  mammalian  erythrocytes  undergo  hemolysis 
when  placed  in  isotonic  solutions  made  from  sodium  chloride  containing 
silver.  In  the  case  of  mammalian  red  cells  the  rate  of  hemolysis  is 
in  terms  of  hours  instead  of  minutes,  though  the  final  effect  is  none  the 
less  definite.  Controls  showed  no  hemolysis  after  several  days. 

It  would,  therefore,  seem  highly  appropriate  to  sound  a  note  of 
caution  in  the  indiscriminate  use  of  sodium  chloride  in  the  preparation 
of  physiological  saline  solutions,  no  matter  what  may  be  their  intended 
use.  Though  the  effect  of  the  silver,  occurring  as  an  impurity,  on 
other  biological  material  may  not  be  as  obvious  as  in  the  case  of  fish 
erythrocytes,  it  may  nevertheless  be  as  serious.  Unseen  changes  in 
the  biological  material  may  have  occurred  which  will  alter  entirely  the 
response  to  experimental  procedure.  The  use  of  silver-free  sodium 
chloride  solutions  in  such  work  is  therefore  suggested.  Such  solutions 
can  easily  be  prepared  by  the  simple  method  of  purification  outlined 
above. 

SUMMARY 

1.  The  hemolysis  of  fish  erythrocytes  by  isotonic  solutions  made 
from  certain  brands  of  sodium  chloride  has  been  shown  with  the  aid 
of  the  spectrograph  to  be  due  to  silver  occurring  as  an  impurity  in 
those  salts. 

2.  The  amount  of  silver  present  in  such  salts  is  of  the  order  of 
magnitude  of  10~3  to  10~4  per  cent  and  originates  from  the  use  of  silver- 
lined  vessels  in  the  purification  process. 
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S.   A  simple  procedure  for  the  removal  of  silver  from  such  salts  by 
adsorption  on  charcoal  has  been  described. 

4.  Palladium  is  the  only  other  element  that  ha>  been  found  to  be 
as  effective  as  sil\cr  in  c.tui-in^  hcmolysis. 

5.  Since  the  toxic  action  of  silver  is  not  limited  to  the  hemolysis 
of  fish  erythrocx  tes,  it  i>  su.^.uested  that  silver-free  sodium  chloride  In- 
used  in  the  preparation  ot  physiological  saline  solutions. 
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THE  RELATION  OF  THE  THYROID  AND  THE  HYPOPHYSIS 

TO  THE  MOLTING  PROCESS  IN  THE  LIZARD, 

HEMIDACTYLUS  BROOK  1 1 

G.    K.    NOBLE    AND    HELEN    T.    BRADLEY 

(From  the  Laboratory  of  Experimental  Biology,    The  American  Museum  of  Nattiral 

History,  New  York) 

The  molting  of  the  epidermis  occurs  with  great  regularity  in  many 
groups  of  lizards.  In  the  Amphibia,  where  this  periodicity  is  less 
regular,  the  thyroid  has  been  shown  to  play  an  important  role  in  the 
process  (Adams,  Richards,  and  Kuder,  1930).  Complete  cessation  of 
molt  has  been  reported  in  the  common  European  lizard,  Lacerta,  fol- 
lowing thyroidectomy  (Drzewicki,  1928).  Since  the  investigator  ex- 
perimented with  only  a  small  series  of  lizards  and  since  we  have 
observed  that  lizards  in  poor  health  are  very  irregular  in  their  molting, 
it  seemed  highly  desirable  to  repeat  his  work  on  a  larger  scale.  We 
have  selected  for  this  purpose  a  lizard  \vhich  molts  at  more  frequent 
intervals  than  Lacerta.  Environmental  influences  have  been  ruled  out 
as  far  as  possible  by  keeping  both  experimental  and  control  series  in 
a  large  incubator  at  a  constant  temperature  and  at  a  humidity  which 
fluctuated  only  slightly.  As  already  reported  in  a  preliminary  note 
(Noble  and  Bradley,  1931),  we  have  obtained  results  very  different 
from  those  Drzewicki  reported.  The  present  paper  represents  a  de- 
tailed statement  of  our  findings. 

MATERIALS 

The  lizards  we  found  most  convenient  to  employ  in  this  study  were 
geckos  of  the  species  Ilemidactylus  brookii.  Our  entire  series  came 
from  Samana,  Dominican  Republic,  where  this  species,  imported  from 
Africa,  is  now  abundant.  The  lizards  were  maintained  throughout 
our  experiment  in  cages  measuring  50  cm.  long,  35  cm.  deep,  and  33 
cm.  wide,  with  glass  sides,  a  removable  iron  bottom,  and  a  screen  top. 
A  layer  of  sand,  frequently  changed,  covered  the  floor  of  each  cage, 
and  the  lizards  were  given  ample  hiding  places  among  strips  of  cork 
bark  introduced  into  the  cages.  From  15  to  20  lizards  lived  in  each 
cage  and  since  they  rarely  mutilated  one  another  they  appeared  to 
have  sufficient  room.  The  lizards  were  fed  with  mealworms  (Tenebrio 
liwlitor)  and  wax  worms  (Galleria  mellonella)  two,  or  rarely,  three 
times  a  week.  Fresh  water  was  supplied  daily.  The  series  of  cages 
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were  arranged  in  rows  in  a  large,  glass-sided  incubator  maintained  at 
a  constant  temperature  of  28°  C.  and  average  relative  humidity  of 
53.7  per  cent.  A  fan  was  provided  to  distribute  the  heated  air  evenly 
throughout  the  incubator. 

The  lizards  \\en-  numbered  and  individual  record-  made  from  day 
t<>  day.  Molting  is  more  rapid  in  the  dekkonida-  than  in  any  other 
family  of  lizards.  The  head,  body,  and  tail  do  not  have  independent 
molting  cycles  as  in  some  iguanids.  As  the  period  of  molt  approaches 
the  entire  skin  appears  more  opaque  or  gray.  The  superficial  layers 
of  epidermis  are  freed  from  the  underlying  layers  over  most  of  the 
lizard's  body  within  a  short  time.  Consequently,  the  lizard  appears 
to  be  veiled  over  all  its  body  with  the  white  shed  skin  which  always 
splits  along  certain  lines  of  the  body.  The  lizards  rub  off  some  of  the 
>kin  but  most  of  it  they  pull  off  with  their  jaws,  usually  swallowing  it 
piece  by  piece.  The  lizards  aid  one  another  in  this  dispensing  with 
the  old  skin.  The  habit  is  annoying  to  the  observer  because  it  may 
result  in  a  complete  removal  of  the  skin  within  a  le\\  hours.  Usually 
the  molted  skin  is  entirely  shed  within  24  hours  after  it  first  loosens 
from  the  body.  The  opaqueness  of  the  skin  to  lie  -lied  is  discernible 
one  or  two  days  before  actual  loosening  occurs.  A  recently  shed  lizard 
has  a  bright  integument  very  different  from  the  opaque  skin  ot  tin- 
day  preceding  molt.  Although  in  most  cases  some  pieces  of  skin  were 
found  as  evidence  of  a  molt,  in  a  few  cases  \\e  had  to  rely  on  the  change 
in  skin  opacity  reported  in  our  daily  record  as  proof  that  a  molt  had 

occurred. 

Tin-:  MMI.HM,  CYCLE 

I-rom  September  1030  to  December  1931,  we  made  molting  records 
on  123  individuals  of  Hemidactylus  brookii.  \\C  have  247  records  of 
molt  in  this  series  of  lizards  which  represents  the  control  series  of  the 
-event!  experiments  to  be  detailed  below.  These  123  li/.ards  molted 
on  the  average  every  15.  73  days.  Our  minimum  period  between  molt- 
uas  1  1  days,  our  maximum  apparently  23.2,  these  extremes  being  the 
normal  rate  tor  a  \  ery  few  healthy  individuals,  and  almost  all  othei 
records  tailing  near  the  average.  //.  hruokii  is  a  tropical  species  and 
\\hen  maintained  in  good  health  at  a  constant  temperature  it  sho\\  -  a 
remarkable  regularity  in  its  molting  periodicity. 


KM  ii  i    MI-    Tin  KMII.I  -.(  IMMN    ON    M<  >I.TIX<; 

In  January  1931,  \\  e  selected  a  series  of  the  lizards  and  removed 
tlieir  thyroids  under  the  binocular  microscope.  It  \\asfound  advi- 
-alde  to  make  an  incision  across  the  \\hole  \\idth  of  the  throat  imme- 
diately anterior  to  the  clavicles.  The  muscles  overlying  the  thyroid 
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were  cither  cut  or  spread  apart.  The  several  lobes  of  the  thyroid 
were  then  gently  freed  of  their  attachment  by  means  of  a  fine  forceps 
and  the  blood  vessels  pinched  off  with  the  same  instrument.  In  spite 
of  the  extent  of  the  incision  little  bleeding  occurred  and  this  was  never 
sufficient  to  cause  death.  After  removing  the  thyroid,  the  muscles 
were  drawn  together  with  three  or  four  separate  stitches  of  fine  silk 
thread,  and  the  skin  snapped  together  with  skin  clips.  An  antiseptic 
adhesive  powder  was  shaken  on  the  wound.  By  this  time  the  lizards 
had  usually  recovered  from  the  ether.  Controls  were  opened  in  ex- 
actly the  same  way  and  the  thyroid  pulled  away  from  the  surrounding 
tissue  sufficiently  to  cause  some  bleeding.  Thyroidectomy  apparently 
did  not  impair  the  health  of  the  lizards.  Immediately  upon  recover- 
ing from  the  effects  of  etherization  they  were  as  active  as  before,  and 
they  continued  to  behave  as  normal  Hemidactylus.  The  death  rate 
among  these  animals  was  no  higher  than  that  among  normal  ones. 

Most  of  the  lizards  in  the  series  were  allowed  to  live  until  they  died 
but  many  were  killed  after  they  had  shed  a  sufficient  number  of  times 
following  the  operation.  The  throats  of  the  experimental  lizards  were 
sectioned  serially  and  examined  carefully  for  the  presence  of  thyroid 
follicles.  Some  lizards  died  too  soon  to  show  any  deviation  in  their 
molting.  The  others,  numbering  79  in  all,  will  be  considered  here. 
Of  these  63  were  thyroidectomized,  the  other  16  being  incised  controls. 
Upon  comparing  the  results  of  the  histological  examinations  with  the 
post-operative  molt  periods,  it  was  found  that  a  thyroidectomized 
lizard  having  7  or  more  follicles  left  in  its  throat  shed  at  exactly  the 
same  intervals  as  the  controls;  but  that  one  having  6  or  less  follicles 
left  shed  like  completely  thyroidectomized  animals.  Of  the  63  thy- 
roidectomized, 15  were  found  to  have  7  or  more  follicles  left,  and  13 
were  found  to  have  6  or  less  follicles  left.  The  former  group  we  will 
call  incompletely  thyroidectomized ;  the  latter  we  may  group  in  the 
following  account  with  the  35  completely  thyroidectomized  ones.  Two 
apparently  completely  thyroidectomized  lizards  had  molting  periods 
like  controls.  In  averaging  these  w'ith  the  completely  thyroidec- 
tomized group  we  tend  to  destroy  the  sharp  difference  \vhich  exists 
between  the  molting  periods  of  the  two  groups.  One  lizard  which  had 
more  than  7  follicles  shed  like  a  completely  thyroidectomized  lizard 
but  was  averaged  with  the  incomplete  group,  and  tended  to  break 
down  the  distinction  further. 

The  average  of  the  completely  thyroidectomized  group  was  26.47 
days  (variation  16.33-49.0),  while  that  of  the  controls  was  16.43  (vari- 
ation 14-20.25).  The  average  of  the  incomplete  group  was  18.55  days 
(variation  14.57-21).  Thyroidectomy,  then,  in  spite  of  the  three  excep- 
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tions  noted  above  lengthens  the  average  molt  period  of  //.  brookii. 
In  this  species  it  does  not,  however,  inhibit  molt  entirely. 

Removing  the  thyroid  of  these  lizards  did  not  delay  markedly  the 
appearance  of  the  molt  immediately  following  the  operation.  In  the 
group  of  48  completely  thyroidectomized  li/ards  (including  the  13 
with  6  or  less  follicles)  this  molt  appeared,  on  the  average.  17.72  da\  - 
after  the  preceding  one.  In  the  incompletely  thyroidectomized  series 
the  average  time  was  16.3  days  while  in  the  controls  it  was  15.12  days. 
There  is,  t  hen-fore,  a  distinct  lag  in  the  effect  of  thyroidectomy  on  the 
molting  of  the  li/ards.  Since  the  lag  was  approximately  the  same 
whether  the  operation  was  performed  in  the  early  or  later  part  of  tin- 
interval  between  molts,  it  would  seem  that  at  any  one  molt  the  tissue- 
become  so  adjusted  that  the  following  molt  will  occur  at  approximately 
the  usual  time  regardless  of  any  interference  with  the  process. 

EFFKC  T  <>i    THYROXIX 

To  establish  that  the  delay  in  molt  of  thyroidectomized  lizards  \\as 
due  to  the  absence  of  the  thyroid  and  not  to  some  secondary  effect  of 
the  operation,  it  seemed  desirable  to  show  that  the  molting  periodicity 
could  be  returned  to  normal  in  thyroidectomized  lizards  by  replace- 
ment therapy.  Unfortunately  our  series  of  geckos  \\as  not  sufficiently 
large  to  sacrifice  a  number  for  their  thyroids.  We  have  therefore  used 
thyroxin  as  a  substitute.  Hopping  (1931)  has  showed  that  3  da\- 
after  injecting  an  alligator  with  thyroxin  the  tissue  metabolism  is 
raised  150  to  190  per  cent  above  the  control.  Hopping  used  Squibbs 
thyroxin  and  we  have  obtained  our  thyroxin  from  the  same  source. 

Eight  li/ards  were  selected  for  thyroxin  treatment.  Four  were 
completely  t  hyroidectomized,  as  later  histological  examinat  ion  showed, 
and  they  \\en-  shedding  at  long  intervals.  Two  were  incised  controls 
<>|  the  thyroidectomy  series  and  1  were  normal  li/ards  which  had  not 
been  opened  in  the  manner  of  the  others.  They  receixed  0.3  cc.  of 
a  1  to  10,000  solution  of  thyroxin  on  alternate  days.  The  injections 
\\ere  given  intramuscularly  in  the  hind  legs.  After  t\\o  weeks  the 
thyroxin  solution  \\as  weakened  to  1  to  30,000,  but  the  same  amount 
gi\  en  .it  t  he  same  inter\  als. 

Five  other  li/ards  \\eic  selected  for  the  control  series.  T\\o  were 
lhyroidectoini/ed  li/ards  shedding  in  long  periods.  Subsequent  histo- 
logical cherk  re\ealed  that  one  of  these  controls  had  1  and  the  other 
^  follicles,  but  as  stated  above  this  uas  not  sufficient  thyroid  tissue  to 
keep  the  molting  periodicity  up  to  normal.  T\\  <>  other  controls  were 
-tock  li/anU  and  one  u  as  an  incised  cont  ml.  The  live  lizards  received 
0.3  CC.  ol  -,ilt  solution  (.6  per  cent)  at  the  same  intervals  as  the  ex- 
perimental-. 
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None  of  the  lizards  stood  the  injecting  well.  In  none,  no  matter 
how  early  in  the  inter-molt  period  the  injecting  was  begun,  was  the 
time  of  appearance  of  the  first  molt  following  the  initial  injections 
altered  materially.  The  next  molt,  however,  was  distinctly  influenced 
by  the  thyroxin.  In  one  thyroidectomized  lizard  whose  molts  had 
averaged  28  days  apart,  the  second  molt  following  the  thyroxin  treat- 
ment came  17  days  after  the  hrst.  Another  thyroidectomized  lizard 
with  a  cycle  of  25.8  days  shed  19  days  after  the  first  molt  and  then 
18  days  later.  A  third  thyroidectomized  lizard  with  a  cycle  of  28.2 
days  between  molts  shed  in  16  and  then  in  18  days  for  the  same  two 
periods.  Unfortunately,  these  three  lizards  did  not  live  to  give  addi- 
tional records,  but  it  will  be  noted  that  the  records  obtained  represent 
a  return  to  the  normal  molting  periodicity  of  the  species.  The  thy- 
roxin did  not  shorten  the  intervals  between  molts  in  the  lizards  having 
their  thyroids  intact.  One  of  the  incised  lizards  had  two  molts  at  the 
usual  intervals  and  the  other  three  molts  at  the  same  average  time 
following  the  first  molt  after  treatment.  The  two  lizards  which  had 
not  been  incised  died  before  giving  any  record,  and  the  same  was  true 
of  one  of  the  thyroidectomized  lizards. 

The  control  series  receiving  the  saline  solution  did  not  shorten  the 
intervals  bet\veen  their  molts.  A  thyroidectomized  individual  which 
has  been  molting  on  the  average  every  29.8  days,  lengthened  the  period 
following  the  first  molt  after  treatment  to  32  days.  An  incised  con- 
trol shed  at  the  usual  time  for  the  second  molt.  The  other  three 
controls  did  not  live  to  the  time  for  their  second  molt.  It  would  seem 
from  this  record  that  0.3  cc.  of  salt  solution  was  too  great  an  amount 
for  the  health  of  the  lizards.  However,  the  solution  did  not  dilate 
the  limbs  greatly  and  we  are  inclined  to  believe  that  the  lizards  died 
from  infections  received  during  their  frequent  handling. 

It  seemed  to  us  strange  that  thyroxin  would  return  the  delayed 
molt  of  thyroidectomized  lizards  to  the  normal  and  yet  would  not 
shorten  the  interval  between  molts  in  the  unoperated  controls.  We 
therefore  repeated  the  thyroxin  experiments  on  other  unoperated  liz- 
ards but  secured  only  similar  results.  CH  345  was  injected  13  times 
with  0.25  cc.  of  a  1  to  3,000  solution  of  thyroxin  over  a  period  of  19 
days.  During  this  period  it  molted  twice,  the  first  time  12  days  after 
beginning  the  treatment  and  the  second  time  13  days  later.  CH  67 
received  24  injections  of  thyroxin,  0.25  cc.  each  time.  Five  of  these 
injections  were  1  to  10,000,  2  were  1  to  6,000,  and  17  were  1  to  3,000. 
These  injections  were  extended  over  a  34-day  period.  During  this 
time  the  molts  came  at  the  following  intervals:  first  at  15  days  after 
the  previous  molt,  then  at  13  days,  and  finally  at  15  days. 
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\\  e  have  also  attempted  to  change  the  interval  between  molts  by 
implanting  fresh  thyroids  of  other  species  of  lizards,  by  injecting  vari- 
ous solutions  of  desiccated  thyroid  (Lilly)  and  by  various  solutions  of 
adrenalin  chloride.  None  of  these  treatments  gave  clear-cut  results. 
In  none  was  the  average  periodicity  of  molt  distinctly  increased  over 
th.it  of  the  controls. 

EFFECT  <>i    HVI-OI-IIVSECTOMV 

Removal  of  the  anterior  pituitary  in  Amphibia  and  some  other 
vertebrates  is  known  to  inhibit  the  normal  functioning  of  the  thyroid. 
If  extirpation  of  the  thyroid  delays  the  molting  process  in  lizards, 
hypophysectomy  should  have  a  similar  although  less  marked  effect. 
\Ye  have,  therefore,  hypophysectomized  a  series  of  //.  brookii  and  com- 
pared their  molting  records  with  the  thyroidectomized  series.  The 
hypophysis  was  removed  through  the  roof  of  the  mouth,  care  being 
taken  to  avoid  injury  to  the  base  of  the  brain.  In  each  case  we  at- 
tempted to  remove  the  entire  hypophysis  but  were  not  always  suc- 
cessful. 

Twenty-six  hypophysectomized  lizards  survived  the  operation  and 
gave  us  60  molting  records.  In  this  series  the  interval  between  molts 
dropped  from  a  15.73-day  average  to  a  23.21-day  average,  \\ith  a 
range  of  from  14  to  39  days.  Hypophysectomy,  therefore,  definitely 
lengthens  the  period  between  molts. 

The  heads  of  10  of  these  26  hypophysectomized  lizards  were  sec- 
tioned and  examined  for  remnants  of  the  pituitary.  It  was  found  that 
one  specimen,  No.  57,  which  had  the  pars  posterior  intact,  part  of  tin- 
pars  intermedia  left,  and  also  some  of  the  pars  anterior,  did  not  mark- 
edly lengthen  its  post-operative  molt  periods,  which  were  16.5,  16,  20, 
and  10  days.  Two  other  specimens,  Nos.  160  and  168,  had  only  one 
molt  period  before  they  died  and  in  each  case  it  was  a  short  one,  14 
and  10  dav-*  respectively.  As  will  be  shown  in  other  specimens,  this 
does  not  net  charily  mean  that  their  subsequent  periods  would  have 
bi-t-n  -hort  if  they  had  lived.  <  M  these  two.  No.  IdO  had  only  a  small 
portion  of  the  pars  posterior  remaining,  and  No.  1  OS  had  no  hypo- 
physial  tissue  left.  The  other  7  specimens  all  had  long  periods  and 
shotted  no  ii'innant  of  the  pars  anterior. 

I  i\c  ol  the  7  ha\  ing  no  pars  anterior  lelt  had  part  of  the  pars 
intei  media,  pail  of  the  p.n-  posterior  left,  or  both.  No.  124,  whose 
po-t -opera!  i\e  periods  were  10,  25,  20,  and  27  days,  had  the  pars 
posterior  in i.i i  i  and  portions  of  I  lie  intermedia  left .  No.  137  had  some 
iniermedia  left,  but  no  posterior,  and  shed  in  IS  and  then  30  days. 
No.  150  had  the  \\hole  po-ierior  and  intermedia  left  intact  and  shed 
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in  25,  41,  and  43  days.  No.  130  had  only  a  portion  of  pars  posterior 
left  but  no  intermedia  and  shed  in  22,  then  26  days.  No.  235  had 
almost  the  whole  posterior  intact  but  no  intermedia  and  shed  in  19, 
25,  31,  35,  39,  30,  29,  39,  and  28  days,  respectively.  From  the  above 
record  it  is  clear  that  either  the  whole  or  part  of  either  the  pars  inter- 
media or  pars  posterior  or  both  together  are  not  sufficient  to  maintain 
molt  periods  of  normal  length.  Pieces  of  the  pars  anterior  lobe  are 
necessary  to  accomplish  this. 

Two  of  the  10  hypophysectomies  sectioned  had  no  hypophysial 
tissue  left.  Number  58  shed  in  14,  21,  34,  23,  and  31  days.  Number 
134  shed  in  23  days.  These  periods  produced  by  lizards  with  no  hypo- 
physial tissue  left  are  no  longer  than  those  produced  by  lizards  with 
any  amount  or  combinations  of  intermedia  and  posterior  left.  The 
only  specimens  keeping  their  periods  within  the  limits  of  normal  un- 
operated  lizards  were  those  having  some  anterior  left.  The  pars 
anterior,  then,  influences  the  length  of  molt  periods  and  not  the  pars 
posterior  nor  the  pars  intermedia. 

The  hypophysis  also  controls  the  expansion  of  the  melanophores. 
It  is  usual  for  these  lizards  to  remain  quite  dark  under  the  conditions 
of  temperature  and  lighting  imposed  by  these  experiments.  Of  the 
two  animals,  Nos.  58  and  134,  which  had  no  hypophysial  tissue  left, 
one  remained  very  light  colored  from  the  time  of  operation  until  death. 
All  other  specimens  having  no  pars  intermedia  left,  i.e.  Nos.  130,  160, 
168,  and  235,  but  which  did  have  either  some  pars  anterior  or  pars 
posterior  left  were  reported  as  being  continuously  light  colored.  Two 
specimens,  No.  137  and  No.  57,  which  have  some  pieces  of  intermedia 
left  are  reported  as  being  darker.  Another,  No.  124,  which  had  some 
intermedia  pieces,  was  still  darker.  The  lizard,  No.  150,  which  had 
its  entire  intermedia  present  was  always  dark;  i.e.  normal  color. 

The  hypophysectomized  lizards  exhibited  some  variation  in  the 
length  of  time  required  to  complete  a  molt  once  it  had  begun.  We 
could  not  secure  definite  evidence  that  the  variation  was  correlated 
with  the  degree  of  completeness  of  the  operation.  For  example,  one 
lizard  in  our  series,  No.  58,  was  proved  by  histological  examination  to 
be  completely  hypophysectomized,  all  three  lobes  having  been  re- 
moved, and  yet  it  shed  as  rapidly  as  the  controls.  Another  lizard, 
No.  168,  was  also  completely  hypophysectomized  but  remnants  of  the 
old  shed  remained  attached  to  the  skin  for  long  periods.  It  is  possible 
that  a  serious  delay  in  completing  the  molt  is  correlated  with  some 
injury  to  the  brain  suffered  at  the  time  of  hypophysectomy.  Our 
sections,  however,  gave  no  evidence  of  such  an  injury. 
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DISCUSSION 

Thyroidectomy  grf.nl>  lengthens  the  period  between  molts  in  the 
^<  kkonid  lizard,  lleniidnctylus  brookii.  It  does  not  delay  the  rate  at 
which  the  molt  layer  is  freed  from  the  underlying  tissues  and  removed 
by  the  lizard.  In  this  it  stands  in  contrast  to  hypophysectomy,  which 
both  increases  the  period  between  molts  and  frequently,  but  not 
always,  delays  tin-  process  of  loosening  and  freeing  the  epidermal  layer 
to  be  cast.  Since  northern  reptiles  do  not  molt  in  winter,  it  is  appar- 
ent that  molting  is  closely  correlated  with  the  metabolic  rate  of  reptiles. 
The  thyroid  is  well  known  to  have  a  marked  influence  on  the  meta- 
bolic rate  of  many  vertebrates.  The  question  arises  whether  the 
influence  of  thyroidectomy  on  molt  is  indirect,  or  whether  thyroid 
function  is  closely  bound  with  the  molting  process,  a-  ha-  been  claimed 
in  Amphibia. 

In  Amphibia  at  the  time  of  metamorphosis,  \\hen  it  has  been 
-ho\\  n  that  the  metabolic  level  is  greatly  increased,  molting  occurs  for 
the  first  time  in  the  life  of  the  individual  on  a  large  scale.  In  the  newt, 
Springer  (1909)  found  that  well-fed  newts  molted  more  frequently 
than  less-fed  controls.  How  greatly  the  metabolism  ot  these  neuts 
was  increased  is  not  known.  On  the  other  hand,  all  molting  in  Am- 
phibia does  not  appear  to  be  correlated  with  increased  metabolic  rate. 
Ku/icka  i  191  7  i  obtained  an  increase  in  the  number  of  molts  in  Euro- 
pean newts  by  starvation.  Adolph  and  Collins  (1925)  found  that 
gauze  bandage  would  increase  the  frequency  of  molt  in  the  common 
newt.  Dawson  1(>_'()'  found  a  molt  followed  drying  the  skin  in  Nee- 
turns.  As  long  ago  as  1S94  Nicolas  found  that  operating  on  a  sala- 
mander induced  a  molt.  Injury  of  the  integument  has  been  shown 
by  Adolph  and  ('ollins,  as  well  as  by  other  workers,  to  call  forth  a 
molt.  Obviously,  excitation  of  the  integument  of  Amphibia  by  vari- 
ous met  hods  speeds  up  the  appearance  of  the  next  molt.  In  Amphibia 
then-  appears  to  be  a  dual  control  o\er  the  mechanism  of  molt,  one 
apparently  hormonal  and  the  other  nervous.  The  endocrine  and 
nervous  systems  may  function  vicariously  in  the  case  of  the  contraction 
of  melanophores,  and  of  smooth  muscle  cells.  Possibly  thyroid  and 
nervous  impulses  to  the  integument  both  cause  the  molting  cells  to 
release  their  secretion,  causing  the  superficial  layer  ot  the  epidermis 
to  be  lifted  from  subjacent  tissues.  Ho\\e\er.  Adams  and  (  ".rierson 
19.-?Ji  found  that  pilocarpine  did  not  increase  the  incidence  ot  molt 
in  the  neut,  although  this  drug  has  been  sln»\\  n  to  cause  release  of 

etion   from   the  unicellular  hatching  glands  of  salamanders  (Noble 

i  Brady  ,  1930). 

In   reptiles  the  molting  cells  reported   in  Amphibia  do  not  appear 
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and  molting  is  far  more  regular  in  its  periodicity.  In  many  snakes 
and  some  lizards  a  fluid  has  been  found  under  the  molted  skin  at  the 
moment  of  shedding.  This  fluid  has  the  appearance  of  lymph.  It  is 
possible  that  a  similar  fluid  is  extruded  during  the  molting  process  of 
all  reptiles,  but  in  most  lizards  it  dries  before  the  old  skin  is  actually 
shed.  Adams  and  Grierson  (op.  cit.)  report  a  fluid  under  the  molting 
skin  of  newts  which  molted  out  of  the  water.  They  infer  that  this 
fluid  is  lymph  and  not  the  secretion  of  the  unicellular  hatching  glands 
which  have  been  described  in  other  Amphibia.  From  the  data  at 
hand  it  is  impossible  to  state  how  great  a  role  the  extrusion  of  lymph 
through  the  skin  plays  in  the  molting  of  either  reptiles  or  Amphibia. 
Since,  however,  the  molting  of  reptiles  is  not  hastened  by  the  various 
excitations  reported  in  Amphibia,  the  mechanism  of  molt  is  apparently 
different  in  the  two  cases. 

Thyroidectomy  and  hypophysectomy  may  delay  the  molt  of  rep- 
tiles merely  by  lowering  the  rate  of  metabolism.  Molting  is  delayed 
by  low  temperatures  and  here  the  metabolism  is  obviously  affected. 
Since  molting  occurs  in  Hemidactylus  in  the  total  absence  of  the  thy- 
roid, this  gland  is  not  an  essential  part  of  the  molt  mechanism. 

CONCLUSION 

Either  thyroidectomy  or  hypophysectomy  lengthens  the  period 
between  molts  in  the  lizard,  Hemidactylus  brookii,  but  neither  opera- 
tion entirely  prevents  molting.  Thyroidectomy  does  not  delay  the 
appearance  of  the  molt  immediately  following  the  operation  but  affects 
all  later  molts.  If  6  or  fewer  follicles  remain  after  thyroidectomy,  the 
effect  is  the  same  as  complete  thyroidectomy.  Injections  of  thyroxin, 
1  to  10,000  and  later  1  to  30,000  given  intramuscularly  to  thyroidec- 
tomized  lizards  on  alternate  days,  bring  a  return  of  the  molt  to  its 
normal  periodicity.  However,  neither  injections  of  thyroxin  nor  im- 
plantations of  fresh  lizard  thyroid  increase  the  frequency  of  molt  in 
the  intact  lizard. 

Completely  hypophysectomized  Hemidactylus  brookii  turn  a  pale 
grey  and  remain  this  color  permanently  under  varying  environmental 
conditions.  Lizards  with  fragments  of  the  pars  intermedia  remaining 
turn  a  slightly  dark  tone  under  conditions  where  the  controls  are  very 
dark  grey. 

Removal  of  the  pars  anterior  of  the  pituitary  alone  has  the  same 
effect  on  delaying  the  molt  as  removal  of  the  whole  gland.  The 
lengthening  of  the  interval  between  molts  may  be  due  to  a  lowering 
of  the  metabolic  rate  of  the  lizard  and  not  to  any  direct  action  of  either 
the  anterior  pituitary  or  the  thyroid  on  the  molt  mechanism. 
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THE  EFFECT  OF  ADRENALIN  CHLORIDE  AND  TOAD 

VENOM  ON  THE  BLOOD  PRESSURE  AND  HEART 

RATE  OF  THE  TROPICAL  TOAD, 

BUFO  MARINUS 

BRENTON    R.    LUTZ 

(From  the  Bermuda  Biological  Station  for  Research  and  the  Physiological  Laboratory  of 

Boston  University  School  of  Medicine) 

The  tropical  toad,  Bitfo  marinus,  secretes  and  stores  in  its  skin 
glands  a  large  amount  of  venom  containing  powerful  adrenalin  and 
digitalis-like  substances  without  apparent  harm  to  itself.  Various 
workers  have  determined  the  pharmacological  action  and  the  minimum 
lethal  dose  of  toad  venom  for  animals  other  than  the  toad  (Vulpian, 
1854;  Phisalix  and  Bertrand,  1893;  Abel  and  Macht,  1912;  Chen, 
Jensen,  and  Chen,  1931 ;  Xavier,  Vellard,  and  Vianna,  1931).  Vulpian 
(1858)  stated  that  the  venom  of  the  toad,  which  destroyed  the  irri- 
tability of  the  heart  of  the  frog  and  of  the  salamander,  had  no  action 
on  the  heart  of  the  toad.  Robert  (1887)  found  the  vessels  of  the  toad 
when  perfused  with  toad  venom  to  be  less  affected  than  those  of  the 
frog.  Abel  and  Macht  (1912)  showed  that  both  bufo-epinephrin  and 
''bufagin,"  isolated  from  the  venom,  caused  vasoconstriction  when 
added  to  Locke  solutions  used  to  perfuse  the  blood  vessels  of  Bufo 
marinus,  and  stated  that  the  toad  was  relatively  immune  to  "bufagin" 
but  not  to  epinephrin.  In  the  South  African  clawed  toad,  Xenopus 
Ixvis,  Gunn  (1930)  found  an  adrenalin-like  substance  in  the  skin  secre- 
tion which  produced  striking  circulatory  effects  in  the  cat  and  the 
rabbit,  but  neither  the  skin  secretion  nor  adrenalin  had  an  effect  on 
the  circulatory  system  of  X.  Ixvis. 

No  reference  in  the  literature  could  be  found  concerning  the  effect 
of  adrenalin  chloride  or  of  toad  venom  on  the  blood  pressure  of  the 
toad,  nor  even  in  any  way  concerning  the  measurement  of  blood  pres- 
sure in  this  amphibian.  Bieter  and  Scott  (1929)  found  that  an  in- 
travenous injection  of  0.2  cc.  of  adrenalin  chloride,  1  :  10,000,  gave  a 
rise  of  blood  pressure  lasting  one  hour  and  a  quarter  in  the  frog,  Rana 
pipiens.  The  present  report  concerns  the  effect  of  intravenous  injec- 
tions of  adrenalin  chloride  and  of  toad  venom  on  blood  pressure  and 
heart  rate  in  B.  marinus.  A  determination  of  the  minimum  amounts 
of  these  substances  necessary  to  produce  a  rise  in  blood  pressure  on 
intravenous  injection  is  also  reported. 

299 
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METHOD 

Specimens  of  fi.  nnirnms  weighing  from  215  grams  to  590  grams 
were  prepared  by  destroying  the  fore-brain  through  the  os  fronto- 
parietale  and  pithing  the  spinal  cord  posterior  to  the  second  vertebra. 
The  blood  pressure  was  recorded  by  a  mercury  manometer  of  3.5  mm. 
bore  from  a  cannula  in  the  A.femoralis.  Sodium  citrate.  7  per  cent, 
was  used  as  an  anticoagulant  and  the  cannula  was  wet  with  heparin 
before  insertion.  Injections  were  made  with  a  Luer  tuberculin  syringe 
through  a  cannula  in  the  V .  lonornlis.  For  threshold  determinations 
the  volume  of  fluid  was  generally  not  more  than  0.2  cc.  An  intrave- 
nous injection  of  0.5  cc.  of  amphibian  Ringer's  solution  was  without 
effect.  Adrenalin  chloride  (  Parke,  Davis  and  Co.)  was  used  in  dilu- 
tions with  Ringer's  solution  from  1  :  50.000  to  1  :  50. 000, 000.  The 
venom  was  expressed  on  a  weighed  cover-glass  from  the  large  gland 
behind  the  ear,  \\eighetl,  dissolved  in  Ringer's  solution  to  known  dilu- 
tions, and  injected  immediately.  Laboratory  temperatures  varied 
from  day  to  day  between  27°  ('.  and  29°  C. 

RESULTS 

The  average  systolic  blood  pressure  in  the  femoral  artery  in  nine- 
teen toads  about  one-half  hour  after  the  destruction  of  the  cerebral 
hemispheres  and  spinal  cord  and  before  injection  was  33  mm.  Hg, 
ranging  from  22  mm.  Hg  to  56  mm.  Hg.  The  heart  rate  \\  as  70  per 
minute  and  the  respiration  106  per  minute.  The  pulse  pressure  varied 
from  4  mm.  Hg  to  12  mm.  Hg.  In  two  toads  under  ether  anesthesia, 
with  the  nervous  system  intact,  the  blood  pressure  was  32  nun.  Hg, 
the  heart  rate  64,  and  the  respiration  106. 

In  twenty-four  toads  an  intravenous  injection  of  0.2  cc.  of  adrenalin 
chloride  1  :  50,000,  which  was  0.8  jug.  to  2  jug.  per  100  grams  (1  p<g 
equals  0.001  mg.),  produced  a  rise  in  systolic  blood  pressure  of  21  per 
cent  to  155  per  cent  which  lasted  from  2  to  6  minutes  (Fig.  1,  A). 
Weaker  doses  such  as  0.2  cc.  of  1  :  200,000  regularly  produced  a 
pressor  response;  thus  in  one  instance  this  dose  u  as  0.33  jug.  per  100 
ims  and  gave  a  rise  of  56  per  cent.  Subsequent  doses  were  just  as 
etlecti\e  ,is  lust  doses.  The  minimal  effective  dose  of  adrenalin  chlo- 
ride for  a  pressor  response  was  found  in  nine  toads  to  average  0.05  jug. 
per  100  grams  with  a  range  from  0.02  jug.  to  0.09  jug.  No  depressor 
responses  occurred  even  with  doses  as  low  as  0.002  /ag. 

While  the  ellec  i  of  adrenalin  on  the  heart  rate  in  these  prepara- 
tions \\.is  not  uniform  but  varied  with  the  strength  of  dos;>  and  con- 
dition ol  the  animal,  there  was  ^em-rally  a  decrease.  In  fifteen  toads 
doses  from  0.2  cc.  of  1  :  JOO.OOO  to  0.5  CC.  of  1  :  50,000  (0.33  jug.  to 
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2.5  /xg.  per  100  grams)  gave  a  fall  in  heart  rate  of  6  per  cent  to  67  per 
cent  associated  with  the  rise  of  blood  pressure.  In  three  cases  a  rise 
of  heart  rate  of  less  than  10  per  cent  occurred  with  a  relatively  large 
dose  (1  /xg.  per  100  grams).  In  one  case  with  a  low  heart  rate  of  44 
per  minute  a  dose  of  2  fj.g.  caused  an  increase  to  56  per  minute,  while 
twenty  minutes  later  a  dose  of  2.5  /xg.  caused  a  fall  in  heart  rate  from 
68  to  57. 

An  intravenous  injection  of  toad  venom  in  Ringer's  solution  pro- 
duced a  rise  in  systolic  pressure  in  ten  toads  in  all  doses  from  160  /xg. 


FIG.  1.  Bufo  marinus,  450  gram  9  ,  29°  C.  Effect  of  intravenous  injections  on 
blood  pressure  and  heart  rate.  A.  Adrenalin  chloride,  0.9  /ug.  per  100  grams.  Rise 
in  blood  pressure,  145  per  cent.  Fall  in  heart  rate,  9  per  cent.  Minimal  pressor 
dose,  0.04  ^g.  B.  Toad  venom,  71  ,ug.  per  100  grams.  Rise  in  blood  pressure,  123 
per  cent.  Fall  in  heart  rate,  22  per  cent.  Minimal  pressor  dose,  0.7  /ug-  Time  in 
five-second  intervals. 

to  4  /xg.  somewhat  in  proportion  to  the  amount  of  venom  (Fig.  1,5). 
Thus,  for  example,  160  /xg.  gave  a  292  per  cent  rise,  while  15  /xg.  and 
4  /xg.  gave  83  per  cent  and  33  per  cent  respectively.  The  minimum 
effective  dose  for  a  pressor  response  was  found  in  five  toads  to  average 
0.5 /xg.  per  100  grams,  with  a  range  from  0.32 /xg.  to  0.71 /xg.  No 
depressor  responses  occurred  with  the  small  doses. 

In  nine  toads  the  intravenous  injection  of  the  diluted  toad  venom 
caused  a  decrease  (maximum  40  per  cent)  in  the  heart  rate  associated 
with  the  rise  in  pressure.  In  one  case  an  increase  occurred  both  with 
the  venom  and  with  adrenalin. 
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DISCUSSION 

The  cardio-inhibitory  effect  of  adrenalin  associated  with  a  rise  of 
blood  pressure  suggests  the  presence  of  a  reflex  mechanism  similar 
to  that  in  mammals  and  certain  lower  vertebrates  since  in  both  the 
elasmobranch,  S<jn<il-ns  <i«iiithias,  and  the  amphibian,  Xectunis  macn- 
losus,  Lutz  and  YVyman  i1(M2</,  1()326)  have  shown  a  reflex  cardio- 
inhibitory  mechanism  stimulated  by  increased  intravascular  pressure. 

In  the  reflex  toad  preparation  the  cardio-inhibition  following  the 
injection  of  venom  must  be  due  partly  to  the  direct  effect  of  "bufagin" 
'Abel  and  Macht,  1912)  or  cinobufotenine  (Chen,  Jensen,  and  Chen, 
1931),  although  there  was  nothing  in  the  response  either  of  the  blood 
pressure  or  of  the  heart  to  distinguish  the  effect  of  the  venom  from 
that  of  adrenalin  alone. 

Dragstedt,  Wightman,  and  Huffman  (1(>2S)  found  the  minimal 
etlecthe  pressor  dose  of  adrenalin  in  the  unanaesthetized  dog  to  be 
less  than  from  0.2  cc.  to  0.4  cc.  of  1  to  1  million  per  kilogram  per 
minute  (0.02  jug.  to  0.04  jug.  per  100  grams).  In  rats,  under  urethane, 
\\  \ man  and  turn  Suden  (1932)  generally  obtained  a  detectable  pressor 
response  to  adrenalin  with  0.02  /ug.  per  100  grams,  but  in  normal  rats 
they  found  that  0.04  jug.  per  100  grams  was  necessary  to  produce  a 
visible  vasoconstriction  of  the  mesenteric  vessels.  These  figures  when 
compared  with  the  pressor  threshold  for  B.  nmrinns  to  adrenalin 
".02  jug.  to  0.09  jug.  per  100  grams)  indie-ate  that  this  amphibian  and 
the  mammal  are  about  equally  sensitive  to  adrenalin.  The  total 
amount  present  at  any  time  in  the  skin  glands  of  the  toad,  the  secretion 
ot  which  yields  about  5  per  cent  adrenalin  according  to  Abel  and 
Macht  (1912),  must  be  a  great  many  times  that  present  in  the  adrenal 
of  the  mammal  iSollman,  1932).  According  to  Chen,  Chen,  and  Jen- 
sen (1932)  the  adrenalin  of  the  skin  glands  does  not  enter  the  blood 
stream  although  I'hisalix  and  Rertrand  (1893),  using  a  questionable 
procedure,  believed  they  lound  the  toad  venom  in  the  blood  in  sutli- 
cient  quantity  for  biological  assay. 

Since  no  depiv»or  responses  were  obtained  with  adrenalin  in  doM •- 
as  low  as  0.002  jug.   (one  twenty-tilth    the  average  pressor  threshold), 
it   appears  that   there  are  no  \  axxlilators  present  in  Ji.  nuirinus  sen-i 
t  ive  to  adrenalin. 

S|    \|\|.\KV 

1.  Adrenalin  chloiide  injected  int  r.i\  enoiisly  in  Hnfo  nmrinus  in 
ilo-e-,  of  ()..•?.->  yug.  to  2 /jg.  per  100  grains  produced  a  ri^e  in  systolic 
blood  picture  of  21  per  cent  to  1  3d  per  cent.  The  average  minimal 
effective  dose  \\.is  0. 05  jug.  per  10O  gr.nii^,  ranging  from  0.02  jug.  to 
0.09  jug. 
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2.  Doses  of  0.33  jug.  to  2.5  /zg.  per  100  grams  generally  caused  a 
decrease  in  heart  rate  of  6  per  cent  to  67  per  cent  associated  with  the 
rise  of  blood  pressure. 

3.  Toad  venom  injected  intravenously  in  Bufo  marinus  in  doses  of 
4  jug.  to  160  fig.  per  100  grams  produced  a  rise  of  systolic  blood  pressure 
of  33  per  cent  to  292  per  cent.     The  average  minimal  effective  dose 
was  0.5  /jg.  per  100  grams,  ranging  from  0.32  /j.g.  to  0.71  /xg. 

4.  The  vasoconstrictor  mechanism  of  Bufo  marinus  is  one-tenth  as 
sensitive  to  its  venom  as  to  adrenalin. 

5.  The  response  to  adrenalin  in  Bnfo  marinus  suggests  the  existence 
of  a  reflex  cardio-inhibitory  mechanism  stimulated  by  increased  intra- 
vascular  pressure 

6.  No  vasodilators  are  present  in  Bufo  marinus  sensitive  to  adre- 
nalin chloride  in  doses  down  to  one  twenty-fifth  of  the  minimal  effective 
pressor  dose. 

7.  The  vasoconstrictor  mechanisms  of  Bufo  marinus,  of  the  dog, 
and  of  the  rat  are  about  equally  sensitive  to  adrenalin. 

I  wish  to  thank  Dr.  J.  F.  G.  Wheeler,  Director  of  the  Bermuda  Biological  Station 
for  Research,  for  placing  the  facilities  of  the  station  at  my  disposal. 
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run:  STRIVI-IKF  OF  EPIDERMAL  MELANOPHORES  IN 

FROG  TADPOLES 

EARL    H.    IIKRRICK 

(From  the  Louisiana  Slate  Xornial  College,  Natchitoches,  La.,  and  the  Marine  Biological 

Laboratory,  Woods  Hole,  Mass.) 

('••lor  changes  in  animals  have  been  the  object  of  much  investiga- 
tion. Parker  I.19.W),  in  an  historical  account  of  the  subject,  indicates 
'hat  color  changes  have  been  recognized  from  very  early  times  and 
are  still  a  fertile  field  for  study.  Many  problems  concerning  the  reac- 
tions of  pigment  cells  have  been  worked  out.  The  structure  of  the 
pigmentary  elements,  however,  has  been  difficult  to  determine.  The 
main  currents  of  opinion  concerning  the  structure  and  the  mechanism 
of  "expansion"  and  "contraction"  of  the  melanophores  may  be  ascer- 
tained from  recent  papers  by  Hewer  (1923),  Matthews  (1931),  and 
I',  i  kins  and  Snook  (1932). 

Hewer  states  that  no  fe\\er  than  one  hundred  and  fifty  papers  have 
been  published  on  color  changes  of  amphibians  alone.  Even  witli  this 
extensive  work  on  amphibians  little  mention  is  made  of  the 
melanophores  of  frogs  and  their  tadpoles. 

In  the  frogs  and  tadpoles  that  I  have  studied,  R<in<i 
R.  cutesbciiiHii,  R.  syhutiia,  R.  f>if>iens,  and  one  species  of  Ilyln,  two 
types  of  melanophores  are  present  in  the  skin.  Those  of  the  dermal 
type  as  described  by  Hewer  are  very  similar  to  the  dermal  melano- 
phores of  other  vertebrates.  In  contrast  to  the  dermal  type,  the 
melanophores  found  in  the  epidermis  are  greatly  elongated  and  usually 
possess  few  branches  (Figs.  1,  2,  and  5).  The  usual  length  of  single 
epidermal  melanophores  is  from  150  to  200  yu.  One  cell  246  ju  long 
was  found  but  this  may  not  be  the  greatest  length  to  which  they 
occur.  It  is  at  t  ime>  dil'ticult  to  ascertain  the  exact  length  of  Certain 
melanophores  bei  ause  o|  anastomosing  ol  branches.  Anasti  miosing  of 
branches  is  rather  common  in  regions  where  the  melanophores  are 
(lose  together  (Fig.  3).  In  about  t  lie  middle  of  each  epidermal  melano- 
phore  there  i.-,  a  \\idened  region  which  the  writer  has  called  the  "cell 
body."  The  cell  body  is  usually  15  to  1 S  /u  in  length  and  7  to  10  ju 
\\ide.  I'he  branches  average  about  3  /u  in  width.  The  ellipsoidal 
nucleus  lies  \\ithin  the  cell  body.  The  melanophores  are  not  located 
at  any  particular  level  of  the  epidermis  but  they  have  never  been 
obserxed  in  t  he  cut  iculai •  la>  er  of  cells  (  Fig.  (».  ( )ne  part  of  a  melano- 
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phore  may  be  at  a  different  level  in  the  epidermis  from  that  in  which 
another  part  lies. 

Observations  on  fully  expanded  melanophores  in  preserved  or 
freshly  excised  skin  are  fairly  easily  made  and  the  outlines  of  the  cells 
may  be  studied  in  detail.  This  method  of  study,  however,  does  not 
reveal,  necessarily,  the  exact  structure  of  the  melanophore.  A  melano- 
phore  as  seen  in  the  "contracted"  phase  contains  all  or  nearly  all  of 
the  pigment  within  the  cell  body  (Figs.  4  and  7),  giving  it  an  appear- 
ance strikingly  different  from  that  in  the  "expanded"  phase  in  which 
the  pigment  is  distributed  throughout  the  branches  (Figs.  1  and  5). 


EXPLANATION  OF  PLATE  I 

FIGS.  1  and  2.  Camera  lucida  drawing  of  expanded  epidermal  melanophore  of 
frog  tadpole.  From  living,  uninjured  tissue. 

FIG.  3.  Camera  lucida  drawing  of  partly  expanded  epidermal  melanophores 
showing  anatomosis  of  processes.  From  living,  uninjured  tissue. 

Immediately  the  question  is  raised  as  to  the  nature  of  the  change  from 
one  phase  to  the  other. 

Hewer  (1923)  and  Matthews  (1931)  have  described  melanophore 
change  as  a  migration  of  the  pigment  granules  within  permanent  proc- 
esses. Their  conclusions  were  that  the  processes  did  not  change  in 
size  or  shape,  the  granules  of  pigment  migrating  through  the  semi- 
rluid  protoplasm  of  the  processes.  These  conclusions  were  drawn  from 
studies  on  the  dermal  melanophores  of  the  frog  and  those  of  Fundulus. 
There  is  considerable  evidence  that  the  same  condition  exists  in  the 
epidermal  melanophores  of  tadpoles. 
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In  order  to  study  melanophores  in  undamaged  tissue,  the  method 
used  was  that  described  by  Herrick  (1932)  in  studying  migrating  epi- 
dermal tissue.  By  this  method  magnifications  up  to  nearly  1000 


EXPLANATION  OF  PLATK  II 

FIG.  4.  Photomicrograph  of  contracted  epidermal  melanophores  of  frog  tadpole. 
Living,  uninjured  tissue. 

FIG.  5.  Photomicrograph  of  expanded  epidermal  melanophores  of  frog  tadpole. 
Living,  uninjured  tissue. 

diameters  were  used  successfully  with  the  animal  under  only  light 
anesthesia.  Observations  in  some  instances  were  made  on  a  single 
mdanophore  over  a  period  of  several  hours.  The  difficulty  investi- 


Ss»,  "  IK*  -^taH^^wt.^^  •^^  ^^^M^^^     *ft  n*-     ' 


. 


4   $"• 


CD          ~"  ©  •„    <#- 
^  ••'9 


x:" 


I;K,.  6.     Camera  lucida  drawing  of  sect  ion  of  tadpole  epidermis  showing  positions 
of  epidermal  melanophores.     Only  fragments  of  melanophores  are  seen. 


s  h.t\r  encountered  has  been  to  observe  in  living  tissue  the  proc- 
of  the  melanophores  when  devoid  of  pigment.  The  walls  of  the 
sses  are  very  thin  and  have  about  the  same  refraction  as  the 

Mil-rounding  tissue.      With  the  aid  of  the  apparatus   I   used,  however, 
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it  was  possible  to  distinguish  clearly  the  processes  of  the  epidermal 
melanophores  when  devoid  (contracted  phase)  of  their  pigment  (Figs. 
8,  9,  and  10).  This  observation  proves  that  the  processes  are  not 
temporary  and  that  contraction  is  not  dependent  upon  their  reduction 
in  size.  Hewer  considered  it  very  significant  evidence,  in  support  of 
his  conclusion  that  the  processes  were  permanent,  when  he  found 
scattered  pigment  granules  some  distance  from  the  cell  body  during 


EXPLANATION  OF  PLATE  III 

FIG.  7.  Camera  lucida  drawing  of  cell  body  of  contracted  epidermal  melano- 
phore  showing  nearly  all  of  the  pigment  contained  within  the  cell  body.  From  living, 
uninjured  tissue. 

FIG.  8.  Camera  lucida  drawing  of  contracted  epidermal  melanophore  of  frog 
tadpole  showing  processes  devoid  of  pigment.  From  living,  uninjured  tissue. 

FIGS.  9  and  10.  Camera  lucida  drawing  of  nearly  contracted  epidermal  melano- 
phore of  frog  tadpole  showing  scattered  pigment  granules  in  the  processes.  From 
living,  uninjured  tissue. 

the  contracted  phase.  This  condition  was  found  repeatedly  in  the 
tadpole  (Figs.  9  and  10).  These  single  granules  moved  about  slightly 
as  is  usually  the  case  with  pigment  granules  wherever  they  are  found. 
Expansion  of  the  melanophore  is  a  process  of  dispersion  of  the 
pigment  granules  which  had  been  congregated  within  the  cell  body. 
The  length  of  time  required  for  melanophores  to  expand  maximally 
depends  upon  the  nature  and  the  intensity  of  the  stimulus.  The  epi- 
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dermal  melanophores  of  large  tadpoles,  after  intraperitoneal  injection 
of  0.2  cc.  of  obstetrical  pituitrin,  expanded  maximally  in  about  30 
minutes.  Animals  placed  in  small  aquaria,  the  sides  and  bottom  of 
which  had  been  covered  with  dead-black  paper,  became  adapted  to 
the  dark  background  (almost  maximal  expansion  of  the  melanophores) 
in  from  one  to  three  hours  or  even  longer.  The  individual  pigment 
granules  move  so  slowly  that  motion  is  barely  perceptible  under  the 
microscope.  There  was  never  any  suggestion  of  Brownian  movement, 
a  finding  which  is  in  contrast  with  the  observations  of  Perkins  and 
Snook  (1932)  in  crustaceans.  The  rate  of  movement  of  a  single  gran- 
ule was  not  uniform  over  a  period  of  minutes  and  often  differed  from 
that  of  other  granules  in  the  same  general  area.  The  pigment  most 
remote  from  the  cell  body  was  not  massed  together;  instead,  the 
granules  were  much  scattered,  in  no  wise  suggesting  a  pseudopodium- 
like  process  being  thrust  out. 

Contraction  was  a  reversal  of  the  process  of  expansion.  During 
contraction  the  distal  pigment  was  considerably  scattered,  with  indi- 
\idual  granules  trailing  far  behind  the  main  mass.  With  the  employ- 
ment of  an  ocular  micrometer,  no  difference  in  the  diameter  of  the 
cell  body  could  be  ascertained  in  the  expanded  and  contracted  phases. 

CONCLUSIONS 

1.  Anastomosing  of  processes  of  epidermal   melanophores  in   frou 
tadpoles  is  common. 

2.  The   usual   length   of  epidermal    melanophores   is   from    150   to 
200  n. 

3.  "Expansion"  and  "contraction"  are  accomplished  by  the  mi- 
gration of  pigment  granules  into  and  out  of  permanent  processes. 

4.  Melanophore    processes  devoid    of   pigment    were   observed    in 
living,  undamaged  tissue. 
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THE  IXTRACELLULAR  CANALICUL1  OF  THE 

PHARYNGEAL  GLANDS  OF  THE 

HONEYBEE * 

H.  W.  BEAMS  AND  R.  L.  KING 
ZOOLOGY  DEPARTMENT,  STATE  UNIVERSITY  OF  IOWA 

Recent  studies  of  the  intracellular  secretory  canaliculi  in  the  salivary 
glands  of  the  grasshopper  and  in  the  parietal  cells  of  the  stomach 
(Beams  and  King,  1932a  and  b)  have  reemphasized  the  presence  of 
these  remarkable  structures  in  certain  types  of  gland  cells.  It  is  indeed 
surprising  that  they  have  received  so  little  attention  in  current  cytologi- 
cal  literature  unless  perhaps  due  to  an  inherent  skepticism  derived  from 
Holmgren's  mistaken  conception  of  them.  The  evidence  seems  de- 
cisive that  these  structures,  together  with  the  secretory  material  in  the 
salivary  glands  of  Chironowius  larvae  (Krjukowa,  1929;  Beams  and 
Goldsmith,  1930;  and  Beams  and  King,  unpublished),  have  been  er- 
roneously interpreted  by  Parat  and  Painleve  as  Golgi  apparatus  or 
"  vacuome."  This  unfortunate  oversight  on  the  part  of  Parat  and  his 
associate  has  led  them  to  introduce  on  an  unsound  basis  a  new  concep- 
tion regarding  the  significance  of  these  peculiar  structures. 

The  pharyngeal  glands  of  the  honeybee  offer  exceptionally  favorable 
material,  not  only  for  the  study  of  intracellular  secretory  canaliculi, 
Golgi  bodies,  mitochondria,  and  the  formation  of  secretion  globules,  but 
also  for  a  study  of  the  topographical  relationship  between  these  cyto- 
plasmic  components  and  secretory  inclusions.  Accordingly,  this  study 
was  undertaken  in  an  effort  to  advance  the  analysis  of  the  question  and 
significance  of  the  intracellular  canaliculi.  Golgi  bodies,  mitochondria, 
and  their  relationship,  if  any.  to  the  formation  and  the  elimination  of 
the  secretory  material  by  the  cell. 

MATERIAL  AND  METHODS 

The  material  used  in  this  study  consisted  of  the  pharyngeal  glands  of 
the  worker  honeybee.  The  head  of  the  bee  was  placed  on  a  glass  slide 
in  a  drop  of  normal  saline  under  the  dissecting  microscope  and  a  median 
incision  was  made,  dividing  the  head  into  two  parts.  By  use  of  dissect- 
ing needles  the  glands  were  removed  from  the  anterior  lateral  region  of 

1  Part  of  this  work  was  done  at  the  Marine  Biological  Laboratory  during  the 
summer  of  1932. 
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the  head  cavity  and  if  whole  mounts  of  the  entire  gland  were  desired, 
which  incidentally  is  the  l>e>t  rind  simplest  way  to  demonstrate  the  intra- 
cellular  canaliculi.  the  remains  of  the  head  were  removed  from  the  area 
surrounding  the  glands  and  a  cover  glass  applied.  This  whole  operation 
takes  less  than  two  minute's  and  offers  the  clearest  demonstration  of  in- 
tracellular  canaliculi  in  living  material  of  any  tissue  that  we  have  as  yet 
encountered.  In  fact,  it  offers  splendid  material  for  demonstration  pur- 
poses for  classes  in  cellular  anatomy. 

Permanent  whole  mounts  of  the  glands  were  made  hy  fixing  them  in 
Benin's  solution  followed  hy  staining  in  Delafield's  or  Heidenhain's 
hematoxylin.  These  methods  were  also  very  useful  in  the  study  of  sec- 
tioned material.  For  a  demonstration  of  Golgi  hodies  Xassonov's 
method  proved  successful.  The  mitochondria  were  revealed  hy  the 
method  of  Regaud. 

DESCRIPTION 

The  pharyngeal  glands  of  the  worker  hee  are  closely  packed  ahout 
the  brain  in  the  upper  lateral  and  anterior  part  of  the  head  cavity.  Each 
gland  consists  of  a  rather  long  common  chitinized  duct  to  which  are  at- 
tached numerous  pear-shaped  lohules  composed  of  groups  of  ten  to 
twenty  cells.  Occasionally  lobules  consisting  of  a  single  cell  are  found. 
The  lobules  extend  in  all  directions  from  the  common  duct  and  each  is 
surrounded  by  a  thin,  transparent,  yet  somewhat  tough,  membranous 
capsule  which  extends  as  a  closed  sac  from  the  common  duct  (Fig.  1). 

The  cells  of  the  lobules  are  closely  packed  together  with  their  bases 
in  direct  contact  with  the  enveloping  tunica  propria.  Unlike  the  lobules 
of  most  glands  there  is  present  here  no  lumen,  but  a  central  core  which 
contains  the  chitinous  intercellular  efferent  tubules  which  lead  singly 
from  each  cell  to  the  common  chitini/ed  duct.  Proximally  the  number 
of  tubules  in  the  core  increases  as  others  emerge  from  the  cells  of  the 
middle'  and  basal  portion  of  the  lobule.  Thus  the  length  of  a  tubule 
varies  with  the  position  of  the  cell  it  serves. 

These  efferent  tubules  have  their  source  within  the  cell  as  simple 
somewhat  sacculated  canaliculi  without  chitinous  linings;  they  take 
within  the  cells  a  rather  lengthened  sinuous  course1,  coil  about  the  nu- 
cleus, and  end  blindly  in  the-  cytosome.  Due  to  this  location  the  ducts 
are  in  direct  contact  with  the-  cytoplasm  and  when  large  secretion  masses 
are  present  they  pass  through  and  between  them.  As  the  intracellular 
ducts  emerge  from  the  cells  each  possesses  a  chitinous  lining  and  finally 
passes  parallel  with  the  others  through  the  enveloping  membranous 
tuhi-  formed  by  the  capsule  of  the  lobule  (Fig.  1  ).  As  the  ductules 
reach  thr  common  duct  they  penetrate  it  by  independent  perforations  giv- 
ing rise  to  papilla-like  elevations  having,  according  to  Cheshire  (1886), 
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a  sieve-like  end.  Upon  careful  examination  the  small  nuclei  of  hypo- 
dermal  cells,  which  secrete  the  chitinous  lining,  can  frequently  be  ob- 
served here  and  there  along  the  efferent  tubules.  This  chitinous  lining 
apparently  serves  to  keep  the  delicate  tubules  open  without  making  them 
unnecessarily  thick  and  heavv. 

j  * 

PLATE  I 


-   ^i 

4      " 


1.  General  topography  of  a  single  lobule  from  the  pharyngeal  gland  of  the 
honeybee.     Cells  with  associated  intra-  and  intercellular  canal iculi   which   lead  to 
the  common  duct.     Whole  mount,  Bouin,  iron  hematoxylin. 

2.  Single   cell   from   pharyngeal   gland   of  honeybee.     Intracellular   canal   and 
mitochondria.     Regaud,  iron  hematoxylin. 

3.  Single  cell  from  pharyngeal  gland  of  honeybee.     Intracellular  canal,  secre- 
tion globules,  and  Golgi  bodies.     Nassonov. 

4.  Single   cell   from   pharyngeal   gland   of  honeybee.     Intracellular   canal    sur- 
rounded   by    secretion    globules.     Canal     reconstructed    from    adjacent    sections. 
Champy,  iron  hematoxylin. 

Small  globules  of  secretion  are  sometimes  present  in  the  cells  of 
newly  emerged  bees.  When  little  secretion  is  present  the  globules  have 
a  tendency  to  be  located  about  the  nucleus ;  however,  at  the  end  of  the 
secretory  cycle  they  become  so  large  as  to  mask  the  cytoplasm  almost 
completely.  This  secretory  cycle  has  been  studied  in  some  detail  by 
Kratky  (1931).  In  such  cells  the  intracellular  secretory  canaliculi  wind 
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back  and  forth  among  and,  in  some  cases,  even  through  the  secretion 
bodies  (Figs.  3  and  4).  Thus,  secretion  may  pass  directly  into  the 
canaliculi  without  traversing  great  areas  of  cytoplasm,  which  would  pre- 
sent an  effective  bar  to  substances  of  low  diffusibilitv. 

The  Golgi  material  is  present  in  the  cells  of  the  pharyngeal  gland  in 
its  typical  insect  form,  i.e.,  Golgi  bodies  with  an  outer  osmiophilic  rim 
or  crescent  associated  with  an  inner,  lighter,  and  less  distinct  oMiiiophobic 
area  (Fig.  3).  These  are,  in  general,  evenly  distributed  throughout  the 
cytoplasm  and  show  no  indications  whatsoever  of  having  any  regular 
morphological  relationship  to  the  developing  secretory  globules.  How- 
ever, in  cells  packed  with  secretion,  the  Golgi  bodies  are  concentrated  in 
the  cytoplasm  and  may,  of  course,  be  seen  in  close  but  probably  for- 
tuitous association  with  the  secretory  globules. 

The  mitochondria  have  the  form  of  short  rods  and  filaments  and. 
like  the  Golgi  bodies,  are  distributed  fairly  regularly  throughout  the 
cytoplasm  (Fig.  2).  Here  also  there  is  no  morphological  evidence  of 
any  direct  part  played  by  the  mitochondria  in  secretion  as  has  been  held 
by  some.  The  mitochondria  are  quite  distinct  from  the  Golgi  bodies 
and  show  no  signs  of  transformation  from  a  "  passive  "  to  an  "  active  " 
condition. 

Recently,  much  discussion  has  arisen  regarding  the  synthesis  of 
secretory  products  by  Golgi  material.  Tn  fact,  the  extensive  communica- 
tions of  Xassonov  and  Bowen  seem  to  leave  little  doubt  that  the  Golgi 
apparatus  is  the  sovereign  structure  concerned  in  the  production  of 
secretion.  While  the  contributions  of  Nassonov.  I'owen.  and  others 
represent  the  most  careful  application  of  modern  cytological  technique  to 
secretion,  we  an-  not  yet  convinced  that  the  Golgi  apparatus  plays  an 
exclusive  role  in  the  synthesis  of  all  these  products.  As  we  have  seen 
from  the  foregoing  description,  the  Golgi  bodies  do  not  in  this  material 
show  a  close  topographical  relationship  to  the  developing  secretory  in- 
clusions which  would  be  necessary  to  establish  a  direct  physiological  re- 
lationship. To  be-  sure,  in  many  instances  a  Golgi  body  is  found  in 
direct  contact  with  a  developing  secretory  inclusion,  but  this,  it  seems 
to  us,  may  very  likely  represent  simply  a  chance  position.  Furthermore, 
no  great  changes  in  volume  of  Golgi  bodies  during  the  secretory  phase 
are  noticeable  as  might  be  expected  if  they  directly  functioned  in  the 
M-rretion  of  such  enormous  globules. 

In  addition,  evidence  has  been  presented  by  Beams  and  King 
<1''32</)  that  the  limiting  membranes  of  the  contractile  vacuoles  and 
their  associated  canals  do  not  represent  Golgi  material  contrary  to  the 
views  of  Xassonov  (  l'L'3,  1'LM.  and  1025).  Xassonov  was  led  to  his 
conception  by  the  fact  that  these  limiting  membranes  in  the  contractile 
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vacuole  of  certain  ciliates  blacken  in  osmic  acid  and  are,  according  to 
him,  involved  in  secretory  activity.  Beams  and  King  have  also  shown 
that  the  limiting  membranes  of  intracellular  canals  in  the  grasshopper 
material  studied  by  them  usually  blacken  in  osmic  acid,  while  there  is 
present  the  usual  insect  Golgi  material.  The  intracellular  canals  of  the 
pharyngeal  glands  of  the  honeybee  do  not  reduce  osmic  acid  just  as  in 
certain  ciliates  the  walls  of  the  contractile  vacuole  do  not.  This  blacken- 
ing of  structures  by  osmic  acid  may  be  held,  then,  to  be  due  to  their 
chemical  nature  rather  than  to  their  homology  with  each  other. 

CONCLUSIONS 

1.  The  pharyngeal  glands  of  the  honeybee  are  composed  of  lobules 
which  contain  ten  to  twenty  unicellular  glands. 

2.  Each  unicellular  gland  possesses  an  intracellular  secretory  cana- 
liculus,  readily  demonstrable  in  the  living  condition,  which  becomes  con- 
tinuous at  the  apex   of  the  cell  with  an  intercellular  chitin-lined  duct 
which  joins  the  common  duct  of  the  gland. 

3.  No  evidence  was  observed  to  support  the  theory  that  the  Golgi 
bodies  synthesize  the  secretory  material. 

4.  Tn  like  manner  no  evidence  was  observed  that  the  mitochondria 
directly  function  in  secretion. 

5.  It  is  clear  that  the  mitochondria  and  the  Golgi  bodies  are  discrete 
in  the  cells  of  the  pharyngeal  glands  of  the  honeybee. 
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COLOR  CHANGES  IN  FUNDULUS  AFTER  HYPO- 

PHYSECTOMY 

SAMUEL   A.    MATTHEWS 

DEPARTMENT  OF  ANATOMY,  UNIVERSITY  OF  PENNSYLVANIA,  PHILADELPHIA, 

PENNSYLVANIA 

The  pituitary  gland  is  of  primary  importance  in  amphibian  color 
change  (Hogben,  1924)  and  its  removal  from  the  dogfish  produces 
effects  which  are  similar  to  those  observed  in  the  hypophysectomized 
frog  (Lundstrom  and  Bard,  1932).  In  teleosts,  however,  evidence  for 
any  influence  of  this  gland  on  color  change  is  inconclusive.  Certainly 
in  Fundulus  the  activities  of  the  melanophores,  and  probably  of  the 
xanthophores  as  well  (Fries,  1931),  are  controlled  mainly  by  the  nerv- 
ous system.  Nevertheless,  recent  experiments  have  shown  that  other 
factors,  probably  humoral  in  nature,  exert  some  control  over  the 
denervated  melanophores  (Smith,  1931;  Parker,  1932)  and  xantho- 
phores (Fries,  1931),  enabling  them  to  respond  in  an  appropriate  man- 
ner to  changes  in  background  though  much  more  slowly  than  do  those 
pigment  cells  which  remain  connected  with  the  nervous  system.  As 
Smith  points  out,  these  factors  may  play  some  part  in  the  activities  of 
innervated  pigment  cells  as  well,  "probably — furthering  the  action  of 
the  nervous  system  when  the  animal  remains  on  the  same  back- 
ground for  a  relatively  long  period."  The  nature  of  the  hormone 
which  produces  these  effects,  however,  is  in  doubt.  Parker  believes 
that  neurohumoral  substances  are  responsible  for  the  changes  in  tint 
of  denervated  areas  in  Fundulus.  Smith  states  that  "while  in  Phoxi- 
nus  at  least  humoral  factors  exert  an  influence  upon  the  behavior  of 
the  melanophores  it  is  at  the  present  moment  impossible  to  enlarge 
upon  this  statement,"  but  he  suggests  the  possibility  of  adrenalin  and 
pituitrin  playing  a  part.  Certainly  extracts  of  the  posterior  lobe  of 
the  pituitary  do  produce  definite  changes  in  the  pigment  cells  of  both 
Fundulus  and  Phoxinus.  Spaeth  (1918)  found  that  pituitrin  produced 
a  concentration  of  melanophore  pigment  when  isolated  scales  of  Fun- 
dulus were  immersed  in  it,  and  Wyman  (1924)  obtained  similar  results 
with  injections  of  this  drug.  Hewer  (1926)  also  described  a  concen- 
tration of  melanophore  pigment  and  in  addition  a  dispersion  of  xan- 
thophore  pigment  following  the  injection  of  pituitrin  into  a  minnow, 
although  he  is  of  the  opinion  that  the  pituitary  gland  plays  no  part  in 
normal  color  change  since  the  amount  of  pituitrin  necessary  to  bring 
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about  these  changes  is,  he  believes,  too  large  to  be  produced  by  the 
animal  itself.  In  Phoxinus  the  effects  of  injections  of  pituitary  ex- 
tracts are  apparently  different  from  those  observed  in  Fundidus. 
Abolin  (1925)  obtained  in  this  fish  a  dispersion  of  melanophore,  xan- 
thophore,  and  erythrophore  pigments  following  an  injection  of  infun- 
din  and  he  believed  the  injection  acted  in  the  same  way  as  does  the 
normal  reaction  to  a  black  background.  Similarly,  as  a  result  of  an 
injection  of  infundin,  C.iersburg  (1930)  observed  a  definite  dispersion 
of  pigment  granules  or  "expansion"  of  the  melanophores  on  the  sides 
of  Pkoxiuus,  together  with  a  pronounced  "expansion"  of  the  xantho- 
phores  and  erythrophores,  although  he  did  obtain  a  "contraction"  of 
the  melanophores  on  the  back  of  this  fish.  He  suggests  that  the  xan- 
thophores  and  erythrophores  and  possibly  a  few  melanophores  (<'.;'. 
those  mi  the  distal  parts  of  the  fins)  are  controlled  by  humoral  factors, 
"expansion"  of  these  cells  being  a  result  of  pituitary  activity. 

Recently  Zondek  and  Krohn  (1932,  a  and  b)  have  isolated  a  sub- 
stance \\hich  they  call  ititermedin,  from  the  intermediate  lobe  of  the 
pituitary  of  various  animals  including  Phoxinus,  which,  when  injected 
into  this  fish,  produces  an  "expansion"  of  the  melanophores,  xantho- 
phores,  and  erythrophores.  These  authors  claim  that  this  substance 
is  the  only  one  which  will  produce  this  expansion  of  the  erythrophores 
and  that  duplication  of  the  red  coloration  which  this  lish  exhibits 
during  the  breeding  season  can  be  obtained  by  injecting  a  suitable 
amount  of  intermedin. 

It  would  appear,  then,  that  humoral  factors  probably  play  some 
part  in  the  color  changes  of  teleosts.  Moreover,  since  the  injection 
of  pituitary  extracts  produces  definite  changes  in  color  in  these  fishes, 
the  pituitary  gland  may  be  suspected  of  taking  some  part  in  this 
humoral  influence  on  color  change,  particularly  since  this  gland  is  ol 
Mich  importance  in  color  changes  of  amphibians  and  its  removal  has 
such  a  pronounced  effect  on  the  color  pattern  of  the  dogfish.  In  order 
to  determine  what  role,  if  any,  is  played  by  the  pituitary  gland  in  color 
changes  in  /''iindiilns  the  following  experiments  were  carried  out. 

The  h\  pophysis  \\  as  removed  from  a  number  of  killitisli  t  I'ltndnlns 
hcli-rot lilioi  in  the  following  way.  Each  tish  was  fastened  on  its  back 
IA  t  \\  o -trips  of  \\et  cloth  that  \\ ere  passed  across  its  body  and  secured 
to  a  piece  dt  (oik  \\ith  thumb  tacks.  A  V-shaped  cut  through  the 
branchiostegal  menilirane  \\as  made  \\ith  the  base  of  the  Y  at  the  tip 
of  the  tongue.  The  tongue  was  then  pulled  ventrallv  through  the 
incision  which  \\as  extended  dorso-laterally  tar  enough  to  expose  the 

ion  of  the  hypophysis  in  the  roof  of  the  oral  cavity.  Usually  the 
hvpophysis  itself  could  be  seen  through  the  mucous  membrane  and 
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bone.  The  mucous  membrane  was  now  cut  longitudinally  a  little  to 
one  side  of  the  mid-line  (to  avoid  a  median  artery)  and  the  tissues 
loosened  from  the  bone.  At  first  a  dental  burr  was  used  to  penetrate 
the  bone  ventral  to  the  hypophysis  but  this  approach  left  the  field  so 
clouded  with  bone  dust  that  it  was  difficult  to  be  certain  when  the 
hypophysis  was  completely  removed.  To  avoid  this  in  the  majority 
of  cases  the  bone  was  cut  through  with  iridectomy  scissors  and  a  small 
window  removed,  thus  exposing  the  hypophysis  which  could  then  be 
drawn  out  with  forceps  or  with  a  fine  pipette.  The  circulus  cephalic  us 
was  frequently  cut  on  one  side,  but  the  animals  recovered  from  these 
operations  about  as  readily  as  when  none  of  the  main  arteries  had  been 
cut.  After  the  operation  no  attempt  was  made  to  close  the  incision 
in  the  floor  of  the  mouth.  The  animals  were  merely  kept  in  N/10 
sodium  chloride  for  from  24  to  48  hours  and  then  removed  to  tap 
water.  In  all  cases  the  individuals  were  examined  after  death  to 
determine  whether  or  not  the  hypophysis  had  been  completely  re- 
moved. Those  cases  where  part  of  the  gland  was  left  behind  served 
as  controls.  Additional  control  animals  were  obtained  by  performing 
a  number  of  dummy  operations  in  which  the  hypophysis  was  exposed 
but  left  intact. 

Animals  hypophysectomized  in  this  way  lived  for  several  weeks, 
during  which  time  their  reactions  to  background  changes  were  exam- 
ined. As  usual  a  number  failed  to  react,  a  common  experience  even 
with  unoperated  animals.  The  majority  of  both  the  hypophysec- 
tomized and  control  animals,  however,  reacted  exactly  as  do  normal 
animals  when  placed  over  white,  black,  or  yellow  backgrounds,  be- 
coming light  over  white,  dark  over  black,  and  a  decided  yellow  color 
over  the  yellow  background.  Microscopic  examination  of  the  tail 
fins  of  these  animals  showed  that,  as  usual,  the  melanophores  were 
contracted  over  white  and  yellow  backgrounds  and  expanded  over 
black,  while  the  xanthophores  were  contracted  over  white  and  ex- 
panded over  yellow.  Many  of  the  animals  became  lighter  in  color  a 
few  days  after  the  operation  due  to  degeneration  of  some  of  the 
melanophores,  as  could  be  seen  when  a  scale  or  the  tail  fin  was  observed 
under  the  microscope.  But  here  again  no  difference  could  be  detected 
between  hypophysectomized  and  control  animals,  hence  the  bleaching 
of  these  animals  could  not  have  been  due  to  the  absence  of  the  hypo- 
physis. 

Parker  and  Lanchner  (1922)  have  shown  that  when  a  Fundulus  is 
put  in  total  darkness  it  becomes  light  due  to  contraction  of  its  melano- 
phores. This  reaction  was  also  tested.  When  a  light-proof  box  was 
placed  over  the  aquarium  in  which  a  hypophysectomized  animal  was 
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swimming,  the  removal  of  this  hood  an  hour  or  so  later  showed  that 
the  fish  had  become  definitely  lighter  in  color,  again  behaving  like  a 
normal  animal. 

In  order  to  determine  whether  or  not  the  pituitary  body  is  con- 
cerned with  the  slow  changes  in  tint  of  denervated  areas  which  Smith 
(1931)  and  Parker  (1932)  have  observed,  the  following  experiments 
were  performed.  A  transverse  cut  was  made  in  the  base  of  the  tail  of 
six  animals  following  the  technique  described  by  Fries  (1931).  A 
black  area  extending  distal  to  the  cut  gave  evidence  that  the  nerves 
running  to  the  melanophores  in  this  area  had  been  severed.  The 
hypophyses  were  then  removed  from  three  of  these  animals,  the  other 
three  serving  as  controls.  When  kept  continuously  over  a  white  back- 
ground it  was  found  that  the  denervated  melanophores  of  the  tail 
contracted  at  approximately  the  same  time  in  both  hypophysectomized 
ind  control  animals,  about  three  days  being  required  to  complete  the 
change  in  both  cases.  Similar  results  were  obtained  for  denervated 
areas  of  the  trunk.  Although  the  reaction  here  was  not  as  definite  as 
that  in  the  tail,  nevertheless  black  denervated  areas  of  the  trunk  did 
become  smaller  after  several  days  over  a  white  background  in  hypo- 
physectomized  as  well  as  in  control  animals.  Obviously  removal  of 
the  hypophysis  does  not  prevent  denervated  areas  from  changing  in 
tint  when  the  fish  are  transferred  from  one  background  to  another. 

It  is  apparent  from  these  experiments  that  the  removal  of  the 
hypophysis  from  I'~  undid  us  does  not  affect  the  ordinary  reactions  which 
it  exhibits  to  changes  in  background  or  to  total  darkness.  But  since 
commercial  posterior  lobe  extracts  do  cause  the  melanophores  of  this 
fish  to  contract  (Spaeth,  1918;  \Vyman,  1924),  the  question  naturally 
arises  as  to  whether  or  not  the  pituitary  body  of  Famliilits  contains 
any  of  the  melanophore  principle.  The  pituitary  bodies  of  other  fish 
have  been  shown  to  contain  this  principle.  Hogben  and  \Vinton 
(1922)  found  that  extracts  of  cod  pituitary  produced  the  usual  effects 
when  injected  into  frogs,  and  Zondek  and  Krohn  (19326)  have  shown 
that  "iniei  inedin"  can  be  extracted  from  the  pituitary  of  Phoxinus. 
The  following  experiment  shows  that  the  hypophysis  of  Fundulus  also 
contain-,  the  melanophore  principle.  The  pituitary,  forebrain,  me- 
dulla, and  a  small  piece  of  trunk  muscle  were  removed  from  a  Fnndnlits 
"!  average  size  (6  to  8  centimeters  in  length)  and  separate  extracts 

re  made  of  each  by  grinding  them  in  0.05  cc.  of  N,  10  sodium  chlo- 
ride -olution.  .V  tesl  objects  a  number  of  scales  from  another  fish 
were  mounted  in  hanging  drops  of  the  same  medium  in  which,  as  usual, 

\antliophort"-  coiitr.icted  and  the  melanophores  expanded.  When 
the  tluid  on  one  of  these  scales  was  exchanged  for  the  brain  or  muscle 
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extracts  no  change  was  observed  in  the  pigment  cells  In  fact,  when 
scales  with  contracted  melanophores  and  expanded  xanthophores  were 
mounted  in  these  brain  extracts,  the  melanophores  would  expand  and 
the  xanthophores  contract,  the  brain  extract  thus  having  the  same 
effect  that  ordinary  sodium  chloride  solutions  would  have.  But  when 
a  scale  preparation  was  changed  to  the  pituitary  extract,  the  xantho- 
phores always  expanded,  while  the  melanophores  contracted.  Obvi- 
ously these  extracts  of  the  pituitary  body  were  crude  and  probably 
only  a  small  proportion  of  the  active  principle  or  principles  of  the 
posterior  lobe  could  be  removed  in  this  way  (Kamm  et  al.,  1928).  As 
a  matter  of  fact,  the  reaction  of  the  pigment  cells  was  slower  than  that 
produced  by  N/10  KC1,  for  example,  as  several  minutes  were  required 
for  the  maximum  effect  to  be  reached  and  even  then  the  melanophores 
were  not  always  contracted  to  a  punctate  condition.  Moreover,  the 
effect  of  the  pituitary  extract  lasted  for  only  about  45-60  minutes, 
after  which  the  melanophores  slowly  reexpanded,  and  although  they 
could  be  made  to  contract  again  by  adding  the  extract  a  second  time, 
this  second  contraction  was  rarely  as  complete  as  the  first.  Never- 
theless, these  experiments  show  that  the  pituitary  body  of  Fundiilus 
does  contain  a  substance  which  will  produce  an  expansion  of  the  xan- 
thophores and  a  contraction  of  melanophores  in  isolated  scale  prepa- 
rations. How  this  fact  is  to  be  reconciled  with  the  results  described 
above,  namely  that  the  removal  of  this  gland  has  no  apparent  effect  on 
subsequent  color  changes  of  the  animal,  is  not  evident  from  these  ex- 
periments. It  is  possible,  as  Hewer  (1926)  suggests,  that  any  melano- 
phore  principle  formed  by  the  hypophysis  is  liberated  in  quantities 
too  small  to  have  any  effect  on  the  pigment  cells.  However  this  may 
be,  it  is  clear  from  the  experiments  first  described  that  the  removal  of 
the  hypophysis  from  a  Fimdulus  does  not  affect  the  ability  of  that 
animal  to  change  its  color  in  apparently  the  same  manner  as  does  a 
normal  animal. 

SUMMARY 

When  the  hypophysis  of  a  Fundiilus  is  ground  up  in  0.05  cc.  N/10 
NaCl  and  a  scale  from  this  fish  is  mounted  in  such  an  extract,  the 
xanthophores  "expand"  while  the  melanophores  "contract,"  although 
brain  and  muscle  extracts  prepared  in  the  same  way  have  no  effect 
on  the  pigment  cells.  The  hypophysis  of  Fundulus  does  contain  the 
melanophore  principle.  In  spite  of  this  fact,  when  the  hypophysis  is 
removed  from  Fundulus,  the  animal  still  responds  to  changes  in  back- 
ground and  to  total  darkness  in  the  usual  manner.  Moreover,  the 
slow  change  in  tint  of  denervated  areas  occurs  as  readily  in  hypophy- 
sectomized  as  in  normal  animals.  In  other  words,  the  removal  of  the 

25 
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hypophysis  has  no  apparent  effect  on  the  pigmentary  responses  which 
Fnndulus  may  exhibit. 
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A  NOTE  ON  AMPHIOXIDES  FROM  BERMUDA  BASED  ON 
DR.  W.  BEEBE'S  COLLECTIONS 
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KAISER  WILHELM-!NSTITUT  FUR  BIOLOGIE,  BERLIN-DAHLEM,  GERMANY 

The  "Challenger"  Expedition  caught  on  the  high  seas  a  peculiar 
pelagic  branchiostomid  to  which  later  the  name  of  Amphioxides  was 
given  by  Gill.  Our  knowledge  of  these  forms  dates  from  the  author's 
monograph  (1905)  based  on  the  material  of  the  "Valdivia"  Expedi- 
tion. The  interesting  anatomy  was  thoroughly  studied,  resulting  in 
the  discovery  of  whole  organ-systems  not  yet  known  in  the  Acrania, 
viz.  the  visceral  musculature,  the  musculature  of  the  mouth,  the  canal- 
system  of  the  head  region,  connective  tissue  and  skeletal  system,  the 
nephridial  nature  bf  the  so-called  Hatschek's  nephridium,  discoveries 
which  have  since  all  been  verified  for  Amphioxus.  The  question  which 
then  arose  was  whether  these  Amphioxides-forms  represented  a  family 
of  pelagic  Acrania  or  whether  they  were  peculiar  larval  forms.  In  his 
first  monograph  the  author  decided  in  favor  of  the  first  view,  because 
all  Amphioxides  were  caught  far  away  from  the  shore  and  mostly  in 
considerable  depth;  also  because  up  to  35  gill-slits  specimens  were 
found  without  a  trace  of  metamorphosis;  and  finally  because  some  of 
the  largest  specimens  had  already  nicely  developed  gonads.  Of  course 
the  possibility  was  discussed  that  larva?  of  some  species  of  Acrania  were 
carried  out  to  the  high  seas  and  became  there  neotenic.  Only  one 
year  later  (1906)  the  author  had  to  accept  the  latter  alternative  be- 
cause he  received  from  the  North  Seas  a  larva  of  the  ordinary  Branchi- 
ostoma  lanceolatum  which  had  not  undergone  metamorphosis  at  the 
usual  stage  but  grown  into  an  Amphioxides  larva.  A  few  years  later 
(1909)  the  author  was  able  to  study  still  other  material  which  yielded 
further  information.  The  new  material  did  not  come  from  the  deep 
sea  but  from  the  surface.  The  decisive  fact  was  the  presence  of  a 
number  of  individuals,  taken  off  the  mouth  of  the  Amazon  river  and 
belonging  to  the  species  A.  valdiviae  Goldsch.  which  had  begun  with 
metamorphosis  at  stages  with  25-34  gill-slits.  This  find,  of  course, 
settled  the  larval  character  of  the  Amphioxides  forms.  In  1910  ap- 
peared a  paper  by  Gibson  on  the  basis  of  the  material  of  the  Percy 
Sladen  Trust  Expedition,  which  had  collected  the  largest  amount  of 
Amphioxides  material  yet  known.  Besides  a  few  minor  discrepancies 
in  details  of  anatomy,  some  of  which  have  since  come  out  in  favor  of 
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my  description,  the  author  adds  the  fact  that  besides  catches  in  the 
deep  sea  one  very  large  haul  of  Amphioxides  was  made  near  shore  in 
a  region  inhabited  by  Asymmetron  lucayanum.  Though  the  anatomi- 
cal details  of  the  two  forms  did  not  agree  completely,  Gibson  holds 
that  A.  pelagic  its  is  the  larval  form  of  Asymmetron  lucayanum.  (My 
last-mentioned  paper,  reporting  the  metamorphosis,  was  not  yet  known 

to  the  author.) 

TABLE  I 

Dr.  Beebe's  material  consisted  of  87  specimens,  of  which  73  were  available. 
When  number  of  slits  or  length  is  not  stated,  the  condition  of  the  specimen  did  m>t 
permit  an  exact  statement. 


Haul  No. 

Depth 

Date 

Remarks 

Number 

nitlers 

253 

1829 

4/7/29 

7  mm.,  20  slits 

1 

357 

1463 

9/8/29 

Macerated 

1 

363 

1829 

10/8/29 

1  1  mm.,  22  slits 

1 

386 

1280 

17/8/29 

14  mm.,  macerated 

1 

400 

1829 

31/8/29 

All  ca.  8  mm.,  18-22  slits 

41  (27) 

401 

2011 

31/8/29 

Macerated 

1 

404 

1097 

2/9/29 

] 

406 

1463 

2/9/29 

Ca.  10-12  mm.,  badly  preserved 

11 

407 

1646 

2/9/29 

J 

498 

7 

23/9/29 

Macerated 

1 

519 

0-183 

30/9/29 

Typical 

1 

524 

0-1097 

30/9/29 

Typical 

1 

735 

1829 

27/6/30 

23  slits 

1 

761 

1646 

2/7/30 

Macerated 

1 

791 

914 

9/7/30 

Macerated 

1 

818 

1097 

29/8/30 

15  mm.,  26  slits 

1 

835 

914 

3/9/30 

Macerated 

1 

875 

1097 

11/9/30 

Macerated 

1 

907 

0-183 

18/9/30 

Typical 

3 

909 

0-549 

18/9/30 

21  slits 

2 

910 

0-732 

18/9/30 

8-10  mm.,  24  slits 

7 

912 

0-914 

18/9/30 

22-26  slits 

3 

913 

0-1463 

18/9/30 

14  mm.,  24  slits 

1 

1063 

549 

8/7/31 

20  slits 

1 

1193 

914 

17/8/31 

Macerated 

1 

1301 

92 

15/9/31 

21  slits 

1 

1344 

0 

3/11/31 

20  slits 

2 

Thoui'h  we  know  now  that  Amphioxides  is  a  larval  form,  able  to 
metamorphose  at  an  uncommonly  late  stage,  we  do  not  know  whether 
this  is  the  ordinary  type  of  development  of  certain  forms  like  Asym- 
mclron.  After  more  than  twenty  years  I  was  therefore  much  gratified 
to  be  able  to  return  to  this  old  topic  (luring  a  stay  at  the  Bermuda 
Uiologic;il  Station.  Dr.  William  Beebe  was  kind  enough  to  let  me 
have  all  the  A  >nf> hioxiilcs  which  he  had  caught  near  the  Bermuda 
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Islands  during  his  expeditions  for  the  New  York  Zoological  Society, 
and  the  Director  of  the  Station,  Dr.  Wheeler,  gave  me  the  opportunity 
to  compare  this  material  with  the  living  Asymmetron  of  this  region. 
I  should  like  to  thank  both  gentlemen  for  all  courtesies.  The  point  in 
question  was  whether  the  Amphioxides  forms  near  the  Islands  could 
be  shown  to  coincide  with  the  native  Asymmetron  lucayanum. 

The  Amphioxides-material  was  caught  about  five  miles  off  the  coast 
of  Bermuda  Islands  with  deep  sea  nets,1  the  contents  of  which  were 


FIG.  1.  A.  Outline  sketch  of  head  of  Asymmetron  lucayanum  from  Bermuda. 
B.  Tail  of  same.  C.  Outline  sketch  of  head  of  A  mphioxides  pelagicus  from  Bermuda. 
D.  Tail  of  same. 

supposed  to  have  been  caught  mainly  at  the  depths  stated  in  Table  I. 
But  whereas  no  closing  net  was  used,  these  data  are  not  beyond 
criticism.  They  agree,  however,  with  the  data  of  former  work  which 
show  the  occurrence  of  Amphioxides  from  the  surface  down  to  rather 
considerable  depths.  In  the  majority  of  instances  only  one  or  a  few 
individuals  are  reported.  But  one  haul  netted  41  specimens  at  once, 

1  For  details  see  Beebe,  \\'.,  1931.  Bermuda  Oceanographic  Expeditions. 
Zoologica,  13. 
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an  occurrence  which  is  paralleled  in  the  material  of  the  British  Expe- 
dition. The  size  of  the  specimens  varies  between  8  and  16  mm.  All 
of  them  belong  to  the  same  species,  namely,  A.  pelagicus.  The  gill- 
slits  do  not  increase  regularly  with  size.  It  seems  that  at  a  stage  of 
ca.  8  mm.  almost  the  maximum  number  of  gill-slits  is  already  formed 
and  only  a  few  may  be  added  afterwards.  At  this  stage  18-22  slits 
are  found  and  the  largest  individual  possessed  only  26.  This  again 
agrees  with  former  findings.  The  decisive  systematic  character  for 
comparison  with  other  forms  is  the  number  of  segments.  In  all  suit- 
able specimens  I  counted  50-51  pre-anal  and  12  post-anal  segments. 
This  count  does  not  agree  with  the  typical  A.  pelagicus,  which  has  53 
pre-anal  and  14  post-anal  segments  (see  later). 

The  typical  Asymmetron  lucayanum  of  the  Caribbean  has,  accord- 
ing to  literature,  53  +  13  =  66  segments.  In  the  Bermuda  form  I 
have  counted  67  segments  which  would  agree  with  the  Pacific  A. 
pelagic  us  but  not  with  the  Caribbean.  After  the  segmentation  the 
most  characteristic  feature  of  A.  lucayanum  is  the  form  of  the  snout 
and  of  the  tail-fin.  Both  are  absolutely  different  from  the  Amphi- 
oxides forms,  as  the  figure  shows.  The  alternative  conclusions  then 
are:  either  the  Bermuda  Amphioxides  do  not  belong  to  Asymmetron 
or  they  are  able  to  change  their  shape  and  segmentation  completely 
during  metamorphosis.  The  latter  seems  rather  improbable. 

There  also  exists  in  the  Bermudas  a  species  of  Branchiostoma,  B. 
bermudae  Hubbs.  But  its  myotome  number  is  only  54-57,  which 
excludes  any  relation  to  the  Amphioxides.  The  relation  between  Am- 
phioxides and  the  Amphioxus-iorms  of  the  nearest  littoral  region  is 
therefore  unsettled  in  this  case  also. 

The  actual  situation  then  is: 

1.  Amphioxides  forms  are  found  all  over  the  world   (see  map  in 
Goldschmidt,  1909). 

2.  At  least  three  clearly  distinct  types  can  be  distinguished,  namely 
pelagicns  Gill,  va  I  divide  Goldschmidt,  stenurns  Goldschmidt.2     Prob- 
ably pelagic  us  consists  of  more  types  (see  the  Pacific  form  with  67 
segments,  the  Bermuda  form  with  62-63,  and  the  North  Sea  form 
certainly  belonging  to  B.  Innceolatnm  Pallas). 

3.  Amphioxides  forms  are  found  in  the  littoral  zone  (one  case  of 
Gibson)  and  on  the  high  seas  from  the  surface  to  the  deep  sea. 

4.  Amphioxides  forms  grow  and  differentiate  far  beyond  the  normal 
stages  of  metamorphosis  found  in  the  littoral  zone. 

5.  They  are  able  to  metamorphose  in  far  advanced  stages  of  growth 
.UK!  differentiation,  as  shown  for  A.  valdtiiae. 

sternurus,  as  Gibson  and  Hubbs  write, — stenos  =  narrow. 
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6.  Occasionally  the  development  of  gonads  begins  before  meta- 
morphosis and  proceeds  rather  far. 

7.  In  those  cases  which  are  known  thus  far,  only  right  gonads  were 
formed,  which  is  typical  for  the  genera  Epigonichthys  and  Asymmetron, 

8.  Thus  far  no  Amphioxides  could  be  assigned  with  absolute  safety 
to  a  neighboring  littoral  species  with  the  exception  of  the  specimen 
from  the  North  Sea  belonging  to  Branchiostoma  lanceolatum. 

After  taking  all  these  facts  together  I  come  to  the  following  con- 
clusions: It  seems  that  all  Amphioxi  have  (always  or  under  certain 
conditions?)  two  types  of  larvae:  one  metamorphosing  in  loco  and 
continuing  the  community  in  a  given  littoral  region;  another  leaving 
the  littoral  for  a  more  or  less  prolonged  pelagic  life  with  a  much  later 
metamorphosis,  thus  enabling  the  spread  of  the  species.  Biologists 
living  in  an  Amphioxus  region  ought  to  be  able  to  test  this  suggestion. 
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mrkXAI.   CHANGES    IX    ACTIVITIKS   AXD   GF.OTKOPISM 

IX  THYOXK   P.KI. XKLl'S 

T.  J.  P,.  STIER 

(/•><>;;(    the    Laboratory    of   General    Physiology .   ]1arriinl    I'nirersily, 
Cambridtje.  Massachusetts) 

I 

In  Tln'onc  hrlareus  waves  of  constriction  completely  encircling  the 
body  and  involving  both  biviuni  and  trivium  travel  along  the  longitudinal 
axis  of  the  body.  These  waves  usually  serve  as  a  means  of  locomotion 
and  aid  in  extruding  the  tentacles.  However,  at  times  waves  course  the 
whole  length  of  the  body  without  producing  any  progression  of  the  ani- 
mal. \Yhether  waves  pass  toward  the  oral  or  aboral  pole  depends  upon 
the  presence  of  certain  forces  in  the  environment  of  the  animal  and  upon 
the  incidence  of  periods  of  activitv  in  Th\onc.  The  following  experi- 
ments, investigating  the  control  of  tin-  locomotor  waves,  were  made  at 
the  Marine  Hiologieal  Laboratory.  \Yoods  Hole,  during  January.  1928, 
and  since  then  have  been  repeated  at  various  times  in  the  Laboratory  of 
<  icneral  Physiology,  Cambridge. 

II 

At  16.0°  C.  (7:00  P.M.,  in  winter)  a  new  wave  of  constriction 
originated  at  one  pole  about  every  four  minutes  (4.3  minutes  average) 
and  progressed  with  a  uniform  speed  (0.5  mm.  per  second  at  16.0°; 
0.9  mm.  per  second  at  25.5°  C.)  toward  the  opposite  end.  The  rate  of 
progression  \\-as  practically  the  same  in  either  direction  (oral  to  anal, 
O.X7  mm.  per  second  average:  anal  to  oral.  O.S(>  mm.  per  second  at 
J5.S  C.  ).  During  the  morning  and  earlv  afternoon  tew  locomotor 
waves  wen-  seen,  also  fewer  animals  extended  their  tentacles.  1'egin- 
ning  at  about  4:00  P.M.  (winter  months.  Woods  Hole)  more  waves 
were  seen  and  more  animals  bad  their  tentacles  extended.  The  same 
j'l-nodicity  of  activitv  was  noticed  even  when  the  animals  were  kept  in 
a  dark  room  and  viewed  by  red  light.  This  state  of  increased  activity 
continued  until  about  1  :  (X)  or  2  : 00  A.M.:  thereafter  the  animals  ex- 
hibited fewer  locomotor  waxes  and  the  tentacles  remained  retracted. 

326 
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When  the  tentacles  were  not  extended  the  waves  of  constriction  usually 
originated  at  the  oral  end  and  coursed  toward  the  anal  region ;  when  the 
tentacles  were  extended  the  waves  started  at  the  anal  end  and  traveled 
toward  the  oral  pole.  It  is  as  if  the  waves  originated  at  that  pole  ex- 
hibiting the  lesser  activity.  When  the  oral  end  is  quiet  the  anal  end  is, 
of  course,  relatively  more  active  since  at  that  end  the  respiratory  move- 
ments go  on  all  of  the  time. 

While  it  is  usual  to  find  at  any  moment  only  one  wave  traversing  the 
animal,  two  waves  have  heen  seen  in  some  instances  going  in  the  same 
direction ;  occasionally  two  waves  were  seen  going  in  opposite  directions. 
Sometimes  waves  were  seen  to  originate  simultaneously  at  both  ends  of 
the  animal  and  approach  each  other.  At  the  meeting  point,  one  of  the 
waves  disappeared ;  the  other  one  continued  its  course  to  the  anal  end. 
Such  phenomena  frequently  occur  in  animals  possessing  a  nerve  net. 
(Mayer.  1906.  1908;  Crozier.  1915;  Child.  1917.  Tn  the  intestine  of 
mammals,  Alvarez  and  Mahoney,  1924.)  Apparently  in  l^hyone  there 
are  at  each  end  of  the  animal  regions  initiating  the  onset  of  locomotor 
waves. 

While  the  animal  is  in  a  horizontal  position,  waves  can  be  started 
experimentally  at  almost  any  place  along  the  longitudinal  axis  of  the 
body  by  producing  a  tension  in  the  selected  region.  All  experiments 
were  made  in  the  evening.  (1)  A  small  region  of  the  bivium  of  ani- 
mals which  had  attached  themselves  to  a  substratum  was  loosened  and 
a  glass  plate  of  1  cm.  thickness  and  1  cm.  width  was  slipped  beneath  the 
animal.  (2)  A  45°  glass  prism  was  placed  under  the  animal  so  that  it 
fastened  itself  over  the  angular  edge  of  the  prism.  (3)  A  ha?mostat 
was  attached  to  the  tube  feet  of  the  trivium  and  the  animal  was  freely 
suspended  in  sea  water  in  a  horizontal  position.  (4)  Thy  one  was  placed 
in  a  beaker  small  enough  to  cause  the  animal  to  take  up  a  U-shaped  form. 
In  all  these  experiments  the  waves  of  contraction  appeared  at  the  site  of 
stretch  or  tension.  This  was  also  found  to  be  true  for  Thyonc  which 
had  recently  eviscerated. 

A  local  tension  brings  about  a  contraction  which  then  travels  toward 
one  or  the  other  end  of  the  animal.  Experiments  by  Henderson  (1928) 
on  peristalsis  of  the  guinea-pig  and  rabbit  intestine  show  that  nerve  cells 
arranged  in  short  reflex  arcs  are  concerned  in  the  peristaltic  mechanism 
of  this  organ.  Slight  increments  in  pressure  were  found  sufficient  to 
elicit  a  peristaltic  wave.  Cannon  (1911.  p.  187)  concluded  from  his 
investigations  on  the  same  question  that  the  muscle  fibers  which  are 
stretched  tend  to  contract.  The  basic  rhythm  of  contraction  in  the  in- 
testine seems  to  have  a  myogenic  origin  (Alvarez  and  Mahoney,  1922). 
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Work  by  Tao  (1927)  suggests  that  the  contraction  of  smooth  muscle  in 
holothurians  is  controlled  myogenically.  The  appearance  of  locomotor 
waves  in  Thyoiit  i-  -imilar  to  the  beginning  of  peristaltic  waves  in  the 
stomach,  where  the  pact-maker  controlling  the  frequency  of  appearance 
of  waves  seems  to  he  located  in  the  region  on  the  lesser  curvature  next 
to  the  cardia  (  Alvare/,  1^2S,  p.  106).  Tn  Thvonc  it  is  as  if  a  pace- 
maker mechanism  is  controlling  the  formation  of  a  new  wave  every  four 
minutes  (at  16°  C.)  at  either  the  aboral  or  oral  end.  However,  as  was 
shown  above,  the  waves  can  he  initiated  experimentally  by  the  produc- 
tion of  an  appropriate  tension  in  the  body  wall.  It  is  still  unknown 
whether  the  locomotor  wave  originates  at  one  end  of  the  animal  and 
first  makes  its  appearance  as  a  constriction  at  the  locus  where  the  tension 
was  applied,  or  whether  the  wave  of  contraction  originates  at  the  locus 
of  tension.  Alvarez  (1928,  p.  108)  has  recorded  many  instances  where 
a  wave  is  seen  to  originate  at  the  cardiac  end  of  the  stomach,  disappear 
from  view  entirely  for  a  short  distance,  and  then  reappear  at  a  region 
caudad  to  the  origin.  A  few  of  my  observations  on  Tliyouc  agree  with 
these  findings  of  Alvarez.  The  animal  was  placed  in  a  beaker  so  as  to 
take  up  a  U-shaped  form;  the  waves  originated  at  the  locus  of  bending, 
travelling  sometimes  to  the  oral  end,  sometimes  to  the  aboral  end.  When 
the  tentacles  were  withdrawn  the  waves  travelled  aborally,  when  the 
tentacles  were  extended  the  waves  travelled  orally,  starting  in  all  cases 
from  the  locus  of  bending.  One  might  think  of  the  wave  of  contraction 
as  originating  at  the  pole  exhibiting  the  lesser  activity  but  not  becoming 
visible  until  the  region  of  tension  was  encountered.  Very  often  waves 
of  contraction  starting  at  one  end  of  the  body  suddenly  faded  out  fur- 
ther along  the  axis  of  the  animal.  Whether  the  initiation  of  waves  of 
constriction  at  either  pole  of  the  animal  (when  it  is  in  a  horizontal  posi- 
tion) is  controlled  by  tensions  developed  in  these  regions  or  whether  an 
oral  or  aboral  pacemaker  sets  off  the  wave  of  contraction  is  still  an  open 
question. 

Ill 

During  the  morning  and  early  afternoon  the  origin  of  progression 
waves  in  Thyonc  is  usually  fixed  at  one  of  its  poles  (oral),  regardless  of 
whieh  end  pointed  down.  The  tentacles  were  usually  retracted  during 
this  part  of  the  day.  Such  persistence  of  polarity  continued  until  about 
7:00  to  8:00  o'clock  in  the  evening.  When  Thy  one  was  then  placed  in 
a  vertical  position  the  waves  were  found  to  begin  at  the  bottom,  regard- 
of  which  end  of  the  animal  pointed  down,  and  coursed  upward  and 
moved  the  animal  in  that  direction.  I'nder  these  experimental  condi- 
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tions  Thyonc  can  be  thought  to  exhibit  negative  geotrbpism.  After 
1:00  A.M.  the  polarity  remained  fixed,  usually  at  the  oral  pole.  In 
these  experiments  glass  plates  to  which  the  animals  had  attached  them- 
selves while  in  a  horizontal  position  were  rotated  so  as  to  bring  the  body 
axis  into  a  vertical  position.  In  alternate  tests  aboral  and  oral  poles 
were  placed  at  the  bottom.  In  other  experiments  this  procedure  was 
repeated  with  V-shaped  glass  troughs ;  also  with  glass  tubes.  Even 
when  the  animal  was  suspended  from  either  end  by  a  small  hsemostat 
attached  to  several  tube  feet,  the  waves  continued  their  upward  move- 
ment whether  the  oral  or  aboral  pole  was  placed  at  the  bottom.  No 
mention  of  this  curious  diurnal  alteration  in  the  locus  of  origin  of  the 
waves  was  made  by  Pearse  (1908)  in  his  observations  on  Thyone. 

Negative  geotropism  was  only  obtained  regularly  during  the  mid- 
winter months.  The  reversal  of  polarity  of  locomotor  waves  when  the 
animals  were  rotated  in  the  gravitational  field  was  only  occasionally  ob- 
tained during  the  months  of  May,  June,  July,  and  August  at  Cambridge ; 
during  this  time  of  year  Thyone  did  not  show  a  regular  diurnal  peri- 
odicity of  activity. 

The  reversal  of  direction  of  the  locomotor  wave  on  the  body  of  the 
animal  according  to  the  orientation  with  respect  to  gravity  seems  to  give 
an  instance  of  geotropic  stimulation  in  which  the  structural  polarity  of 
the  organism  is  of  secondary  consequence.  Emphasis  is  placed  upon 
the  directional  control  of  the  wave  movements,  rather  than  upon  loco- 
motor  progression  of  the  animal,  because  the  waves  may  be  obvious 
without  actual  creeping. 

A  reversal  of  upward,  geotropically-oriented  creeping  of  tree  snails 
such  as  Liguus,  Pleurodonte,  and  others,  has  been  brought  about  by 
Crozier  and  Navez  (1930).  The  upward  orientation  was  shown  to  be 
governed  by  the  sensible  equality  of  tensions  produced  through  the  pull 
of  the  body  upon  its  supporting  elements.  Downward  orientation  on  a 
vertical  surface  was  simply  obtained  by  properly  adjusting  the  pull  upon 
the  shell  (by  a  string  attached  to  the  shell  or  by  a  load  of  5  grams  at- 
tached to  the  shell).  Under  water  Liguus  also  orients  upward.  Re- 
versal of  orientation  under  water  on  a  vertical  surface  can  also  be  ob- 
tained by  attaching  a  cork  float  of  appropriate  size  to  the  apex  of  the 
shell.  In  both  these  cases  of  reversal  of  orientation  and  in  additional 
experiments  on  geotropic  excitation  in  Helix  (Hoagland  and  Crozier, 
1931-32)  it  is  difficult  to  conceive  a  mechanism  dependent  primarily 
upon  a  statocyst.  These  facts  are  entirely  consistent,  however,  with  the 
notion  of  proprioceptive  stimulation  through  impressed  tensions  as  the 
controlling  feature  in  the  gravitationally  excited  orientation  (cf.  Crozier, 
1929). 
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Evidence  presented  above  points  clearly  toward  a  deficiency  of  stato- 
cyst control  of  geotropism  in  Thyone.  since  no  specific  polarity  is  en- 
countered in  upward  creeping.  In  fact,  in  an  aquarium,  equal  numbers 
<if  the  animals  will  be  found  with  either  pole  uppermost.  This  was  also 
observed  by  Pearse  (1908).  The  absence  of  statocyst  function  is  fur- 
ther suggested  by  experiments  with  eviscerated  animals,  which  still  can 
be  made  to  exhibit  negative  geotropism  during  the  late  evening  hours  in 
the  winter.  In  Mich  animals  the  tentacles,  the  stone  canal  with  its  nerve 
ring,  and  the  gut  are  thrown  out  in  their  entirety:  the  possibility  of  at- 
tributing the  origin  of  these  waves  to  tension  on  the  mesentery  of  the 
viscera,  as  has  been  shown  to  be  the  case  in  the  righting  movements  of 
^tarfish  (Wolf,  1925)  and  as  suggested  by  Parker  (1922)  for  the  orien- 
tation of  the  sea  urchin  Centrechinus,  seems  to  be  eliminated.  The 
cloaca  and  the  attached  trachial  trees  have  also  been  removed  from 
eviscerated  animals  and  they  still  always  oriented  upward,  during  the 
excning  hours  of  winter  months. 

When  the  holothurian  Caudiua  cliilcnsis  is  imbedded  in  sand  and  is 
rotated  (  Yamanouchi.  1929),  it  responds  to  centrifugal  force  in  such  a 
manner  that  the  oral  end  bends  away  from  the  center  of  rotation  and 
the  tail  turns  toward  the  center  of  rotation.  Even  when  the  anterior 
part  of  the  body  including  the  nerve  ring  is  amputated  the  tail  reacts  to 
centrifugal  force  in  the  same  manner  as  the  intact  Caudina.  Statocysts 
are  apparently  not  involved  in  these  reactions.  The  responses  seem  to 
be  brought  about  by  differential  tensions  in  the  body  wall  produced  by 
the  rotations.  The  evidence  from  experiments  on  Syiniptiila  (Olmstead, 
I'M/  i  and  Ciiciinmria  cuciiinis  (  Loeb.  1X91)  suggests  that  a  statocyst 
mechanism  orients  the  animal  so  that  its  oral  end  is  always  upward  while 
ascending  a  vertical  plane  by  aid  of  its  tentacles.  Clark  (1898,  1899) 
has  described  structures  in  the  oral  stone  canal  of  SynaMiihi  to  which  he 
has  assigm-d  the  function  of  statocysts.  \'o  mention  was  made  in  these 
studies  of  any  diurnal  fluctuations  in  the  animal's  response  to  gravity, 
so  we  assume  that  it  remains  negatively  geotropic  throughout  the  entire 
day. 

The  sensitivity  ot  the  body  wall  ot  1'liyonc  is  so  altered  diurnallv 
that  the  structural  polantv  o|  the  bodv  is  of  minor  consequence  when 
the  animal  is  oriented  by  geotropic  excitation.  The  deforming  pressure 
of  the  pull  of  the  body  wall  when  the  animal  is  on  a  vertical  plane  elicits 
a  locomotor  wave  at  its  lower  end.  The  direction  of  the  waves  is  pri- 
marily determined  by  the  force  of  gravity  only  during  the  evening,  and 
then  especially  <luring  the  winter  months;  only  at  this  period  of  the  day 
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and  year  have  waves  been  found  to  originate  at  either  pole  and  course 
upward. 

SUMMARY 

Thyonc  brlareus  observed  during  the  winter  months  exhibited  cer- 
tain definite  diurnal  periods  of  activity.  (1)  Between  about  4:00  P.M. 
and  1  : 00  to  2:00  A.M.  the  frequency  of  "  locomotor  "  waves  increased 
in  number  and  the  feeding  movements  of  the  tentacles  were  more  nu- 
merous than  at  other  periods  of  the  day.  even  when  observed  in  the  dark 
under  red  illumination.  (2)  When  during  the  late  evening  hours 
Thyone  was  rotated  in  a  vertical  plane,  locomotor  waves  coursed  nega- 
tive to  gravity  regardless  of  which  end  of  the  animal  was  oriented 
downward.  Since  it  was  found  that  waves  of  contraction  could  be 
elicited  experimentally  at  almost  any  region  by  producing  tensions  in  the 
body  wall  when  Thyone  was  in  a  horizontal  position,  it  is  supposed  that 
the  sensitivity  of  the  body  wall  is  so  altered  during  the  late  evening  hours 
that  tensions  produced  in  the  body  wall  when  the  animal  was  placed  in 
a  vertical  position  are  sufficient  to  bring  about  the  formation  of  loco- 
motor  waves  at  the  lower  end.  Absence  of  statocyst  function  is  sug- 
gested by  these  experiments,  and  by  additional  experiments  with  evis- 
cerated animals  which  still  can  be  made  to  exhibit  negative  geotropism. 

During  spring  and  summer  months  the  activity  of  Thyonc  was  not 
so  definitely  marked  off  into  diurnal  periods,  neither  was  the  negative 
geotropic  response  regularly  obtained. 
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MONOCENTRIC    MITOSIS    WITH    SEGREGATION    OF 

CHROMOSOMES  IN  SCIARA  AND  ITS  BEARING 

ON  THE  MECHANISM  OF  MITOSIS1 

I.     THE  NORMAL  MONOCENTRIC  MITOSIS.     II.  EXPERIMENTAL 
MODIFICATION  OF  THE  MONOCENTRIC  MITOSIS 

C.  W.  METZ 

(From  the  Department  of  Embryology,  Carnegie  Institution  of  Washington, 
and  the  Department  of  Zoology,  Johns  Hopkins  University) 

I.     THE  NORMAL  MONOCENTRIC  MITOSIS 

It  has  become  a  generally  accepted  principle  in  cytology  that  a  prime 
essential  for  complete  mitosis  is  the  presence  of  a  bipolar  or  multipolar 
spindle  (cf.,  e.g.,  Wilson,  1925.  p.  168;  Gray,  1931,  p.  172)  and  that  in 
a  unipolar  field,  although  the  chromosomes  may  divide,  they  cannot 
segregate  into  two  groups.  In  flies  of  the  genus  Sclara,  however,  the 
first  spermatocyte  regularly  undergoes  as  a  normal  process  a  monocentric 
mitosis  which  effects  a  regular  and  precise  segregation  of  chromosomes 
(Metz,  1926a ;  Metz,  Moses,  and  Hoppe,  1926).  Since  this  process 
deviates  widely  from  that  observed  in  ordinary  mitosis  it  has  invited 
careful  analysis,  and  has  led  to  a  series  of  studies  involving  several 
species. 

Occurring  as  it  does  in  the  reduction  division,  the  mitosis  in  question 
segregates  homologous  chromosomes.  Consequently  genetic  as  well  as 
cytological  methods  have  been  used  to  trace  the  behavior  of  individual 
chromosomes  (Metz,  1926/>,  1927,  1928,  1929).  and  to  determine  the 
principle  underlying  the  segregation  process  (see  below).  The  present 
brief  account  is  concerned  primarily  with  evidence  bearing  on  the 
mechanism  of  chromosome  movement. 

In  the  prevailing  theories  of  mitosis  -  there  has  been  a  strong  tend- 
ency to  attribute  the  movement  of  the  chromosomes  to  the  poles  in 
anaphase  to  forces  of  attraction  or  repulsion,  or  both,  emanating  from 
outside  the  chromosomes,  and  to  consider  the  chromosomes  themselves 

1  The  second  part  of  this  investigation  has  been  aided  by  a  grant  from  the  Na- 
tional Research  Council,  Committee  for  Research  on  Problems  of  Sex.  The  writer 
is  indebted  to  Mrs.  Philip  B.  Armstrong  (M.  Louise  Schmuck)  for  assistance  in 
that  part  of  the  investigation. 

-See,  e.g.,  Wilson,  1932;   Sharp,  1926;   Belaf,  1929a,  b,  c;  Gray,  1931. 
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as  playing  a  relatively  passive  role,  or  at  most  as  exerting  a  mutual 
repulsion. 

So  far  as  I  am  aware,  no  significant  indications  have  been  observed 
in  ordinary  mitoses  that  autonomous  activity  on  the  part  of  the  chromo- 
somes themselves  plays  an  important  part  in  their  anaphase  movements,' 
although  various  lines  of  evidence  suggest  that  they  may  exhibit  such 
activity  at  other  stages.' 

In  the  monocentric  mitosis  in  Sciara  the  anaphase  movement  of  cer- 
tain chromosomes  exhibits  characteristics  which  strongly  suggest  that  it 
is  due  in  large  part  to  the  activity  of  the  chromosomes  themselves. 
These  characteristics  will  be  considered  briefly  below. 

As  noted  in  the  papers  referred  to  above,  the  monocentric  mitosis  in 
Sciara  also  presents  evidence  bearing  on  the  much-debated  <|iiestion  of 
the  role  played  by  the  so-called  "  spindle  fibers  "  in  mitosis.  It  indicates 
that,  whatever  their  precise  nature  may  be.  they  represent  a  functional 
reality  and  reflect  an  activity  operating  on  the  chromosomes  in  the  direc- 
tion of  the  pole.  (The  active  agent  here  may  be  the  "  insertion  region  '' 
of  the  chromosome,  or  may  be  external  to  the  chromosome.  ) 

In  the  present  studies  observations  have  been  made  on  both  sectioned 
material  and  smears.  In  all  cases  the  testes  were  dissected  out  and  freed 
from  surrounding  material  before  fixation.  On  account  of  their  small 
si/e,  this  permitted  almost  direct  contact  of  the  cells  with  the  fixing  fluid 
even  in  the  case  of  the  sectioned  material.  In  the  smears  the  cells  were, 
of  course,  brought  immediately  into  direct  contact  with  the  fixative. 
Kxcellent  fixation  was  secured  in  both  ways.  Various  fixatives  have 
been  used,  but  most  of  the  observations  have  been  made  on  material 
fixed  in  Gilson's  mercuric-nitric  mixture  and  stained  in  Ileidenhain's 
iron  haematoxylin.  Remming's  fluid  has  been  used,  but  with  unsatis- 
factory results  due  to  the  presence  of  large  chondriosomes  which  ob- 
scured the-  mitotic  figure  in  most  cells  (see  Met/.  Moses,  and  I  loppe. 
Kig.  34).  At  the  stage  in  <|ucstion  these  chondriosomes  usually  form  a 
saucer-shaped  or  cup-shaped  mass  lying  peripherally  and  often  extending 
about  halfway  around  the  cell.  They  have  received  special  study  by  Mr. 
\Y.  L.  Doyle  (paper  in  press). 

Unfortunately  details  of  tin-  achromatic  figure  arc'  not  as  satisfac- 
torily brought  out  after  fixation  with  (  iilson  as  by  other  methods,  and  for 
this  reason  certain  of  the.  finer  aspects  of  tin-  figure  have  not  yet  been 
analy/cd.  The  features  essential  for  present  purposes,  however,  are  re- 


;  Since  tins  was  written,  papers  h\    I'.lcier   (I'M!  )   and  by  Wilson   (1932)   have 
t«>  hand,  both  cmphasi/ini;  ihc  possibility  of  such  autonomous  activity.     Tbc 
literature  on  tbe  subject  is  reviewed  by  both  authors. 

1  See,  e.g.,  M.-Clnnj..  V)17  ;  Lewis,"  1932;  Lewis  an.l  Lewis,  1932. 
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vealed  clearly  enough  in  the  sections  studied.  In  the  smears  the  achro- 
matic figure  is  so  exceedingly  delicate  in  structure-  as  to  he  almost  in- 
visible, due  presumably  to  the  delicacy  of  the  fixation  and  the  similarity 
of  the  refractive  indices  of  the  materials  in  the  figure.  The  general  na- 
ture of  the  structure,  however,  is  clearly  indicated  by  the  configuration 
and  behavior  of  the  chromosomes. 

All  the  material  is  from  pedigreed  cultures  which  have  been  kept  in 
the  laboratory,  in  some  cases  for  many  generations. 

The  principal  characteristics  of  the  monocentric  mitosis  in  Sciara 
coprophila,  Lint,  may  be  summarized  as  follows:  (For  details  see 
Metz,  Moses,  and  Hoppe,  1926.) 

1.  The  spermatogonial  chromosome  group  as  shown  in  Text  Fig.  1 
typically  consists  of  ten  members:   three  pairs  of  rod-like  chromosomes, 
one  pair  of  small  V-shaped  chromosomes,  and  one  pair  of  much  larger 
V-shaped  chromosomes  (the  "  limited  "  chromosomes).     The  "  limited  " 
chromosomes  are  limited  to  the  germ-line,  due  to  elimination  from  so- 
matic nuclei  in  early  cleavage.5 

2.  No  synapsis  occurs.     In  prophase  of  the  first  spermatocyte  di- 
vision (Text  Fig.  1)  the  univalent  chromosomes  appear  to  be  distributed 
at  random,  but  about  equidistant  from  one  another,  about  the  periphery 
of  the  nucleus  when  the  nuclear  membrane  breaks  down. 

3.  After  the  nuclear  wall  vanishes  a  half  spindle  appears  and  the 
chromosomes,  apparently  without  changing  their  locations,  all  become 
oriented  toward  the  single  pole,  each  with  a  "  spindle  fiber  "  extending 
from  the  normal  insertion  point  on  the  chromosome  toward  the  pole. 
No  centrioles  have  been  identified. 

4.  The  chromosomes  do  not  become  arranged  in  any  one  plane  and 
nothing  comparable  to  an  equatorial  plate  or  metaphase  stage  is  found. 
On  the  contrary,  they  move  from  their  prophase  positions  either  directly 
toward,  or  directly  away  from,  the  pole  (Text  Fig.  2). 

5.  Certain  chromosomes  regularly  move  toward  the  pole  in  the  cus- 
tomary fashion.     These  include  both  of  the  large  "  limited  "  chromo- 
somes and  one  member  of  each  of  the  other  four  pairs  of  chromosomes. 
Genetic  evidence  indicates  that  among  the  latter  four  pairs  it  is  regu- 
larly the  maternal  member  which  passes  to  the  pole.     This  evidence  ap- 
pears to  be  complete  for  at  least  three  of  the  four  pairs  in  one  species.* 

6.  The  remaining  four  chromosomes — homologs  of   four  which  go 
to  the  pole — regularly  move  "  backward  "  directly  away  from  the  pole, 
following  radial,  and  hence  diverging,  paths  as  far  as  possible  from  the 
common  center.     When  the  chromosomes  reach  the  periphery  of  the 
cell  their  courses  are  deflected  and  made  to  converge,  ultimately  bringing 

5  See  Metz,  1931  ;  DuBois,  1932;  Schmuck  and  Metz,  1932. 

6  Metz,  1927  and  unpublished  evidence  of  Dr.  Helen  B.  Smith  and  the  writer. 
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TEXT  FIGS.  1-6.  Scliematic  representation  of  the  movements  of  the  chromo- 
somes in  the  monoccntric  first  spermatocyte  division  in  Sciara  coprophila  Lint. 

I  >iagram  1.  Prophase  just  before  dissolution  of  the  nuclear  membrane.  The 
chromosomes  are  scattered,  apparently  at  random,  about  the  periphery  of  the 
nucleus. 

Diagram  1.  IVginning  of  migration  of  the  chromosomes — six  toward  the  pole 
and  four  directly  away  from  it. 

Diagram  3.  Slightly  later  stage,  after  the  six  chromosomes  have  reached  the 
pole  and  the  other  four  have  progressed  to  the  periphery  of  the  cell.  The  two 
median  "retreating"  chromosomes  are  presumed  to  be  at  high  and  low  levels,  re- 
spectively, and  at  the  periphery. 

I  liagrams  4-6.  Successively  later  stages  showing  the  migration  of  the  chromo- 
somes .doiig  the  periphery  of  the  cell  away  from  the  pole,  and  the  beginning  of  the 
extrusion  process  at  the  point  farthest  trom  the  pole. 

Actually  the  paths  of  the  retreating  chromosomes  are  only  rarely  equidistant 
from  une  another  as  shown  in  these  diagrams  (see  text),  and  the  chromosomes 
which  pass  to  the  pole  do  not  ordinarily  retain  their  polar  orientation  later  than  the 
shown  in  Diagram  3. 

The  t\\o  "limited"  chromosomes  are  represented  in  black.  These  regularly 
pass  to  the  pole  and  are  retained.  Among  the  other  chromosomes  precise  segrega- 
tion of  homoloL'-  i-  effected.  The  hook  at  the  proximal  end  of  the  retreating 
chromosome  at  the  right,  due  to  sub-terminal  fiber  attachment,  is  presumably  char- 
tii  of  its  homolog  also,  but  is  not  evident  in  the  latter,  probably  because  of 
1,  of  stretching.  As  will  be  seen  from  the  camera  drawings  (Plate  I),  the 
retn  <  hromosomes  are  comparatively  more  elongate  than  the  diagrams  incli- 

«at<  -  ilsi  I  igs.  14-18  in  Met/.  Moses,  and  Hoppe.  loc.  cit.) 
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them  together  at  a  peripheral  point  opposite  the  single  pole.  Subse- 
quently they  are  extruded  in  a  finger-like  process,  where  they  degenerate 
(Text  Figs.  3-6). 

7.  During  their  "  backward  "  movement  the  four  chromosomes  re- 
tain their  reversed  orientation,  moving  with  the  spindle  fiber  insertion 
point  hindmost,  and  the  free  end,  or  ends  (in  the  case  of  the  V-shaped 
member)   foremost. 

8.  The  posterior  portion   in  these  chromosomes  is  commonly  taut 
and  slender  and  often  almost  detached  from  the  remainder,  giving  con- 
vincing evidence  of  a  force,  represented  by  the  "  spindle  fiber."  operating 
in  the  direction  of  the  pole  and  in  opposition  to  the  movement  of  the 
chromosome  (see  Figs.  7  and  8). 

9.  In  contrast,  the  apical  ends  of  these  chromosomes  are  thick,  usu- 
ally curved  or  twisted,  and  lie  free,  with  no  indication  of  any  traction 
operating  on  them  (see  photographs,  Plate  I).     It  is  clear  that  they  are 
not  being  "  pulled  "  in  the  direction  of  movement. 

It  is  thus  possible  to  distinguish  the  operation  of  two  forces  on  the 
four  retreating  chromosomes.  One  is  a  retarding  force,  represented  by 
the  so-called  "  spindle-fibers  "  operating  in  the  direction  of  the  pole  and 
only  on  one  region  of  the  chromosome,  the  insertion  point.  The  other, 
and  superior,  activity  operates  in  the  opposite  direction,  and  involves  the 
chromosome  as  a  whole,  serving  to  cause  the  movement  described  above. 
It  is  the  latter  activity  which  seems  to  be  performed  mainly  by  the 
chromosome  itself  rather  than  by  an  outside  agent. 

As  noted  previously  (Metz,  1926a),  the  chromosomes,  during  the 
movement  in  question,  give  the  appearance  of  being  carried  by  currents 
in  the  protoplasm.  But  careful  study  of  a  large  amount  of  material 
prepared  in  various  ways  has  convinced  me  that  no  true  currents  are 
involved  and  that  the  only  flowing  motion  concerned  is  that  of  the 
material  immediately  around  the  individual  chromosome.  The  details 
of  the  process  will  be  presented  in  another  paper.  They  may  be  sum- 
marized, however,  by  saying  that  each  of  the  retreating  chromosomes 
moves  off  independently,  away  from  the  pole,  either  in  a  small  island  of 
material  (gel?)  from  the  original  half-spindle,  or  at  the  apex  of  a 
pseudopod-like  outgrowth  of  this  material. 

Some  idea  of  the  independent  movement  of  these  chromosomes,  and 
of  the  general  aspect  of  the  figures,  may  be  gained  from  the  drawings 
shown  in  Figs.  7,  8,  and  10  and  from  the  photographs  in  Figs.  15-17. 
For  descriptions  of  these  see  explanation  of  figures. 

That  the  movement  is  due  to  an  activity  of  the  chromosome  itself  is 
suggested  mainly  by  two  features.  The  first  of  these  is  the  independent 
action  of  the  individual  chromosomes,  each  of  which  not  only  follows  its 
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own  course,  but  follows  a  course  apparently  determined  only  by  tbe  origi- 
nal position  of  the  chromosome  in  relation  to  the  pole.  This  original 
position  appears  to  be  determined  at  random.  If  two  or  more  of  the 
four  chromosomes  happen  to  be  adjacent  at  the  beginning  they  move 
away  together  and  follow  essentially  the  same  path.  If  they  are  well 
separated  at  first  their  paths  diverge  widely  (see.  e.g..  Fig.  17).  Fur- 
thermore, the  path  of  anv  individual  awav  from  the  pole  may  follow  any 
radial  line  within  the  theoretical  cone  delimited  by  imaginary  extension 
of  the  half  spindle.  In  other  words,  it  seems  impossible  to  explain  the 
phenomenon  on  the  basis  of  predetermined  currents  or  lines  of  flow  in 
which  the  chromosomes  are  caught  and  transported. 

The  second  feature  concerns  the  position  of  the  chromosome  in  the 
island  or  process  of  "  spindle  "  substance  in  which  it  moves.  This  posi- 
tion is  not  easily  determined  with  accuracy,  for  only  occasionally  is  the 
outline  of  the  mass  revealed.  However,  numerous  large  chondriosomes 
and  other  stainable  constituents  present  in  the  cytoplasm  sometimes  de- 
limit the  clear  mass  distinctly.  Careful  study  of  such  cases  indicates 
that  typically  the  position  of  the  chromosome  is  apical.  Since,  as  al- 
ready noted,  there  is  clear  indication  that  the  movement  of  the  chromo- 
some is  retarded  by  an  activity  represented  by  the  "spindle  fiber."  it 
seems  improbable  that  the  chromosome  would  remain  at  the  apex  of  the 
moving  mass  unless  it  were  itself  responsible  for  the  movement.  In 
other  words,  were  the  chromosome  simply  being  transported  by  an  out- 
ward flow  of  the  material  from  the  half  spindle,  the  retarding  "  spindle 
fiber"  force  would  presumably  cause  it  to  mo\e  less  rapidly  than  the 
surrounding  material  and  hence  not  remain  at  the  apex  of  the  outflowing 
mass. 

As  a  result  of  the  above  considerations  and  others  of  a  more  detailed 
nature,  the  hypothesis  is  advanced  that  the  retreating  chromosomes  move 
because  of  their  own  activity,  ft  may  further  be  postulated  that  this 
activitv  operates  bv  bringing  about  a  progressive  alteration  in  the  phvs- 
ical  state  (i.e..  bv  solation  or  gelation)  of  the-  protoplasm  adjacent  to  the 
chromosome.7  Presumably  tin-  simplest  form  of  such  activity  would  be 
one  producing  a  change  in  front  ot  or  behind  the  chromosome — the 
former  serving  to  pull  tbe  chromosome  along,  so  to  speak,  and  the  latter 
acting  more  as  a  pushing  agent.  \Yithont  attempting  a  detailed  discus- 
sion of  such  possibilities,  it  may  be  noted  in  this  connection  that  the 

•  This  hypothesis  has  been  under  consideration  fur  more  than  two  years,  but  has 
1'i'M  withheld  pending  the  completion  oi  experiments  which  show  that  tbe  chromo- 
somes in  question  are  alive  and  functional  (see  below).  The  possibility  of  bodies 
moving  through  the  protoplasm  |,\  siu  h  means  has  hecii  sn^ested  to  me  by  several 
physiologists,  particularly  Dr.  Selii;  I  lei  lit  and  Dr.  S.  O.  Mast.  To  them  and  to 
I  >r.  Ralph  S.  I.illie  I  am  greatly  indebted  for  advice  on  numerous  questions  which 
arisen  in  c<.nne<  tion  with  the  prcMiit  study. 
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chromosomes  do  not  give  the  appearance  which  would  he  expected  if  the 
activity  were  operating  solely  on  the  anterior  (distal)  ends.  This  is 
particularly  true  in  the  case  of  the  V-shaped  member.  Often  the  two 
arms  of  this  V  are  deflected  near  the  ends  in  opposite  directions,  yet 
they  do  not  continue  to  move  in  opposite  directions  and  pull  the  chromo- 
some out  into  a  straight  line.  Rather,  the  chromosome  as  a  whole  con- 
tinues to  move,  even  with  the  apices  deflected.  This  would  indicate  that 
the  activity  is  graded  along  the  length  of  the  chromosome — or,  perhaps 
more  probably,  that  it  is  an  activity  not  only  of  the  stainable  portion  of 
the  chromosome  proper,  but  also  of  the  chromosome  sheath,  and  hence 
that  it  involves  a  relatively  large  mass  of  material  whose  shape  may  be 
modified  without  seriously  affecting  the  movement. 

Any  antero-posterior  differentiation  of  the  chromosome  required  by 
such  hypothesis  is  readily  conceivable,  since  the  "  insertion  point  "of 
the  spindle  fiber  distinguishes  the  posterior  end  of  the  chromosome  and 
may  well  influence  the  general  activity  of  this  region. 

In  the  above  considerations  two  possibilities  have  been  omitted  which 
may  immediately  be  raised  as  objections  or  alternatives  to  the  hypothesis 
presented.  One  is  the  possibility  that  the  movements  under  considera- 
tion result  from  an  electromagnetic  activity  and  simply  reflect  a  repulsion 
between  the  four  retreating  chromosomes  and  the  pole.  Perhaps  such 
a  possibility  cannot  be  ruled  out  at  present ;  but  the  many  difficulties  it 
encounters  when  applied  to  mitosis  in  general  *  make  its  validity  seem 
very  doubtful.  For  this  reason  it  is  being  considered  only  as  a  last 
resort. 

The  other  possibility  is  that  the  chromosome  movements  under  con- 
sideration do  not  represent  true  mitotic  activity  at  all.  Since  the  four 
retreating  chromosomes  are  ultimately  cast  off  and  degenerate,  it  may  be 
suggested  that  they  are  already  inert  and  degenerating  during  anaphase 
and  hence  that  they  are  to  be  considered  essentially  as  foreign  bodies 
whose  elimination  has  no  connection  with  the  process  of  mitosis.  This 
possibility  seems  to  be  definitely  ruled  out  by  the  experimental  evidence 
considered  below. 

If  the  hypothesis  of  chromosome  movement  presented  above  is  cor- 
rect it  should  be  applicable  to  ordinary  bipolar  mitosis.  In  such  ordinary 
mitosis  the  two  forces  or  activities  here  identified  because  of  their  an- 
tagonistic action  would  have  to  act  in  the  same  direction  and  supplement, 
instead  of  oppose,  one  another.  This  feature  will  be  considered  in  a 
subsequent,  more  detailed,  account. 

8  See,  e.g.,  Wilson,  1925,  p.  186;  Gray,  1931,  p.  167. 
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II.       Exi'KRl.MKMAL    MODIFICATION    OF    TI  IK    MoXOCENTRIC    MlTOSIS 

As  intimated  above,  when  one  studies  the  normal  processes  of  mono- 
centric  mitosis  in  Sciara  spennatocytcs.  he  is  at  once  confronted  by  the 
question  as  to  whether  the  chromosomes  which  retreat  from  the  pole  are 
in  a  normal  state  of  activity  or  are  in  a  degenerating  condition.  The 
answer  to  this  question  bears  not  onlv  upon  the  immediate  problems  in- 
volved in  the  present  paper,  but  also  upon  other  aspects  of  our  studies— 
particularly  those  concerned  with  sex  determination,  the  influence  of  sex 
on  chromosome  behavior,  and  the  interrelation  between  cytoplasm  and 
chromosomes.  For  this  reason  especial  attention  has  been  devoted  to  the 
subject  and  numerous  experiments  have  been  performed  in  an  effort  to 
modi  I  v  the  normal  procedure  in  such  a  way  as  to  give  critical  evidence. 
Such  evidence  has  now  been  secured.  It  is  considered  below,  together 
with  other  features  bearing  on  the  question  at  issue. 

It  is  evident,  as  already  indicated,  that  normally  the  chromosomes 
which  are  cast  off  in  the  polar-body-like  process  or  "  bud  "  eventually 
degenerate.  This  is  true  not  only  in  the  case  of  the  monocentric  first 
spermatocyte  division,  but  also  in  that  of  the  dicentric  second  spermato- 
cyte  division  which,  of  course,  immediately  succeeds  the  first.  The  ulti- 
mate degeneration  in  both  cases  is  readily  understood,  because'  the  "  bud  " 
contains  almost  nothing  but  the  chromosomes,  and  in  the  absence  of 
cytoplasm  these  obviously  could  not  long  continue  their  normal  develop- 
ment. 

The  immediate  problem  is  to  determine  whether,  in  the  monocentric 
division,  this  degeneration  takes  place  after  the  "  bud  "  is  extruded  or  is 
already  well  under  way  during  the  division  itself.  Before  considering 
the  experimental  evidence  attention  may  be  called  to  two  features  in  the 
normal  processes  which  strongly  suggest  that  the  former  alternative  is 
correct.  The  first  of  these  is  the  fact  that  after  the  chromosomes  are 
extruded  in  the  "  bud  "  they  appear  to  undergo  changes  in  form  and 
structure  similar  to  those  exhibited  by  the  chromosomes  retained  in  the 
cell,  although  it  is  difficult  to  trace  these  activities  in  detail  in  the  narrow 
compass  of  the  "  bud."  and  they  apparently  do  not  continue  through 
more  than  the  interkinesjs  period.  They  do  seem  to  indicate,  however, 
that  the  discarded  chromosomes  are  not  inert  at  the  time-  they  are 
discarded. 

The  second   line  of   evidence   comes    I  n  >m   the   second   division.      It 
ins  dear  that,  although  the  chromosomes  which  are  discarded  at  this 
division    eventually    degenerate,    they    are    not    degenerating    during    the 
mitotic  process,   for  the  mitotic  figure  here  is  bipolar,  the  chromosomes 
show    i  ~s< •ntiallv    typical    behavior,    and    those    which    arc1    discarded    are 
hakes  of  those  which  remain   in  the   functional  cell   (spermatid) . 
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Similar  evidence  is,  of  course,  provided  by  tbe  well-known  phenomena 
of  polar  body  formation  in  eggs,  which  show  that  the  ultimate  fate  of 
chromosomes  is  not  necessarily  an  indication  of  their  condition  during 
the  preceding  mitosis. 

The  final,  and  apparently  conclusive,  evidence,  however,  comes  from 
experiments  which  show  that  when  retained  in  the  cell,  instead  of  dis- 
carded, the  chromosomes  under  consideration  (in  the  monocentric  di- 
vision) remain  alive  and  active,  and  hence  that  they  must  be  alive  and 
able  to  function  during  the  mitosis  itself. 

The  evidence  is  briefly  as  follows :  Under  suitable  conditions,  such 
as  exposure  to  low  temperatures,51  the  formation  of  the  polar-body-like 
protuberance  may  be  inhibited  at  either  the  first  or  second  divisions.  In 
such  cases  the  chromosomes  which  would  otherwise  be  eliminated  are  re- 
tained in  the  cell  and  are  thereby  enabled  to  continue  functioning  and  to 
give  evidence  of  their  condition. 

In  the  monocentric  mitosis  it  is  apparently  possible  to  stop  the  "  back- 
ward "  movement  of  the  retreating  chromosomes  at  any  stage  of  what 
would  correspond  to  anaphase  in  typical  mitosis.  The  subsequent  posi- 
tions of  these  chromosomes,  and  to  some  extent  their  behavior,  appears 
to  be  determined  by  the  time  at  which  their  migration  is  stopped.  This 
is  inferred  from  the  fact  that  in  the  preparations  examined  the  chromo- 
somes are  in  the  various  positions  corresponding  to  those  through  which 
they  normally  pass  during  the  monocentric  mitosis. 

The  details  of  these  features  will  be  left  for  a  more  complete  account. 
Present  interest  centers  in  the  fact  that  the  retreat  of  the  chromosomes 
has  been  stopped  at  various  stages  and  that  preparations  have  then  been 
made  at  various  subsequent  time  intervals.  In  consequence  it  is  possible 
to  reconstruct  the  sequence  of  stages  showing  the  behavior  of  these  re- 
tained chromosomes  during  the  ordinary  transformations  of  the  second 
spermatocyte. 

Development  of  the  second  spermatocyte  in  this  treated  material  ap- 
parently progresses  in  the  normal  fashion.  The  chromosomes  of  the 
regular  nucleus  go  through  the  usual  interkinesis,  prophase,  metaphase, 
and  anaphase  stages.  Coincidently  the  four  artificially  retained  chromo- 
somes go  through  a  corresponding  series  of  stages  up  to  late  prophase 
or  metaphase.  They  become  diffuse  or  reticular  like  the  others  during 
the  telophase  and  interkinesis  (see  Fig.  12)  ;  they  divide,  and  they  con- 
dense into  split  prophase  chromosomes  during  the  prophase  of  the 
second  spermatocyte.  They  appear  to  undergo  these  transformations 

9  The  precise  nature  of  the  treatment  required  has  not  yet  been  determined. 
The  conditions  described  here  were  first  found  in  material  purposely  subjected  to 
cold.  Similar  conditions  have  been  observed  in  a  few  specimens  taken  from  labora- 
tory stocks  which  had  probably  been  exposed  to  low  temperature  through  cooling 
of  the  room. 


342  C.  YV.  METZ 

regardless  of  their  position  in  the  cell  or  the  stage  at  which  they  were 
interrupted  in  the  monocentric  division.  They  also  appear  to  act  inde- 
pendently of  one  another,  in  the  sense  that  they  exhibit  essentially  the 
same  characteristics  when  widely  separated  from  one  another  as -when 
close  together  (see  Fig>.  13  and  14).  When  separated  each  is  sur- 
rounded by  a  relatively  transparent  layer  of  protoplasm,  which  I  in- 
terpret as  an  integral,  although  perhaps  transitory,  part  of  the  chromo- 
some, representing  the  chromosome  "  sheath  "  described  by  numerous 
observers  in  ordinary  mitoses."'  When  close  together,  the  chromosomes 
give  the  appearance  of  lying  in  a  small  nucleus;  but  I  have  been  unable 
to  detect  a  nuclear  membrane  and  am  inclined  to  attribute  the  appear- 
ance to  the  coalescence  or  approximation  of  the  transparent  layers  or 
sheath^  around  the  chromosomes. 

In  most  cases  these  artificially  retained  chromosomes  do  not  exhibit 
an  increase  in  size  corresponding  to  that  of  the  chromosomes  in  the  nor- 
mal nucleus.  Thev  varv  considerably  in  this  respect  and  the  evidence  as 
a  whole  suggests  that  the  growth  is  dependent  on  the  position  of  the 
chromosome  with  respect  to  the  normal  nucleus — being  greatest  when 
there  is  a  close  proximity  (see  Fig.  14).  This  in  turn  suggests  that  the 
nature  of  the  protoplasm  immediately  surrounding  the  chromosome  is  an 
essential  factor  in  respect  to  growth,  and  that  only  the  environment  pro- 
vided by  the  nucleus  itself  is  suitable  for  promoting  normal  growth. 

In  no  case  has  it  thus  far  been  possible  to  inhibit  the  monocentric 
mitosis  in  such  a  way  as  to  retain  all  the  chromosomes  in  the  nucleus  and 
thus  get  a  second  spermatocyte  nucleus  containing  the  total  diploid 
group;  but  it  seems  almost  certain  from  the  above  evidence  that  if  this 
could  be  done  the  growth  and  activity  of  the  chromosomes  which  are 
ordinarily  eliminated  (paternal  members)  would  be  equivalent  to  that 
of  their  (maternal)  homologs. 

\s  would  be  expected,  the  correspondence  between  the  transforma- 
tions of  the  retained  chromosomes  and  the  others  ceases  at  the  metaphase 
of  the  second  spermatocyte  division.  In  tin-  absence  of  any  mitotic 
apparatus  (asters  or  spindle)  the  daughter  halves  of  the  artificially  re- 
tained chromosomes  cannot  separate,  hence  they  remain  together  during 
the  anaphase  of  the  second  division.  Whether  or  not  they  would  subse- 
quently exhibit  further  activity  during  the  development  of  the  spermatid 
has  not  been  determined. 

From  the  evidence  presented  above  it  seems  clear  that  in  the  mono- 
centric  mitosis  under  consideration  the  retreating  chromosomes  are  alive 
and  are  capable  of  taking  an  active  part  in  the  mitotic  movements  as 
populated  in  the  first  part  of  the  paper.  This  does  not.  of  course,  mean 
that  they  are  necessarily  entirely  unaffected  by  the  monocentric  mitotic 
Dod  rsimiplr  is  dr-rrilicd  by  Melz  and  Xonidez,  1924. 
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phenomena  under  normal  conditions,  or  that  their  activity  is  precisely 
like  that  of  their  homologs  which  go  toward  the  pole.  Indeed,  it  seems 
evident  that  a  difference  in  activity  does  exist,  that  it  is  due  to  the  sex  of 
the  parent  from  which  the  chromosomes  were  derived,  and  that  it  is  in 
some  way  responsible  for  the  opposite  responses  of  the  two  sets  of 
chromosomes. 

SUMMARY 


The  present  paper  supplements  previous  studies  on  the  monocentric 
first  spermatocyte  division  in  Scictra  and  considers  the  findings  in  rela- 
tion to  the  general  problem  of  the  mechanism  of  mitosis.  Contrary  to 
generally  accepted  principles  of  mitosis,  an  accurate  segregation  of 
chromosomes  is  effected  in  a  unipolar  field  during  the  mitosis  in  ques- 
tion. The  segregation  is  highly  selective  in  that  paternal  chromosomes 
react  in  opposite  fashion  from  their  maternal  homologs  and  pass  away 
from  the  pole  instead  of  toward  it.  These  chromosomes  which  "  re- 
treat "  from  the  poles  exhibit  characteristics  which  are  believed  ( 1 )  to 
demonstrate  the  functional  reality  of  the  so-called  "  spindle  fibers," 
which  in  this  case  retard  the  movement  of  the  chromosomes,  and  (2)  to 
suggest  that  the  opposing  force  or  activity  responsible  for  the  movement 
of  the  chromosomes  is  due  to  an  activity  of  the  chromosomes  themselves. 
The  hypothesis  of  "  autonomous  "  movement  on  the  part  of  the  chromo- 
somes is  suggested  particularly  by  two  lines  of  evidence : 

( 1 ) .  Each  retreating  chromosome  in  its  movement  directly  away 
from  the  pole  acts  independently  of  the  others  and  may  move  along  any 
radial  line  within  the  theoretical  cone  delimited  by  imaginary  extension 
of  the  half  spindle.  Its  path  appears  to  be  determined  entirely  by  its 
original  position  with  respect  to  the  pole. 

(2).  Each  retreating  chromosome  appears  to  move  in  a  small  mass 
of  protoplasm  derived  from  the  original  half  spindle,  and  to  maintain 
its  position  at  the  a/r.r  of  this  mass  during  the  movement.  On  account 
of  the  opposing  activity  represented  by  the  so-called  "  spindle  fiber,"  it 
seems  improbable  that  the  chromosome  could  retain  this  apical  position 
if  it  were  not  itself  responsible  for  the  movement. 

The  suggestion  is  made  that  the  anaphase  movement  of  chromosomes 
may  be  primarily  due  to  such  activity  of  the  chromosomes  themselves 
and  that  this  activity  serves  to  bring  about  movement  by  producing 
localized  alterations  in  the  viscosity  of  the  adjacent  protoplasm. 

II 

Experimental  evidence  is  reviewed  which  shows  that  the  retreating 
chromosomes  are  alive  and  therefore  theoretically  capable  of  function- 
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ing  as  postulated  during  the  movements  in  question.  This  evidence  also 
bears  on  the  interrelations  between  sex  and  chromosome  behavior  to  he 
considered  subsequently. 
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PLATE  I 

All   fiiMin-s  arc  from  »]uTmato(  \  tc-  of  Sciura  ci'propliilti   I.intner,   fixed  in  Gil- 

^on\  mercuric-nitric  fluid  and  ^taiiu-il  in   Heidenhnin's  iron  haematoxylin.     Figures 

14  arc  from  camera  lurida  drawings  made  at  table  level,  using  1.5  mm.  objective 

and    \o.   12  ocular.     The\    arc  rciluccd  approximately   three-fifths   in  reproduction. 

I  he  drawings  were  made  by    Dr.    Esther  Carpenter,  with   the  exception  of  that  for 

1'iL'.    11    which   was   made  by    Miss    Louise    H.    Buck.     Figures   7-10  are   from   un- 
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treated  specimens  showing  certain  features  of  the  normal  monocentric  mitosis; 
Fig.  11  from  a  specimen  treated  with  cold;  Figs.  12-14  second  spermatocytes  from 
specimens  presumably  exposed  to  cold  in  the  laboratory  during  the  first  division. 
Figures  7-10  are  from  sections;  11-14  from  smears. 

FIG.  7.  Primary  spermatocyte  in  approximately  the  stage  represented  in  Text 
Fig.  4.  The  group  of  six  chromosomes  has  reached  the  pole  and  lost  its  earlier 
orientation.  The  four  retreating  chromosomes  have  begun  to  converge  after  reach- 
ing the  periphery.  Note  the  two  chondriosomes  separating  the  V-shaped  chromo- 
some at  the  left  from  the  others  and  showing  that  this  chromosome  has  moved 
through  part  of  the  chondriosotne  mass  (only  part  of  which  is  shown). 

Fir,.  8.  Slightly  later  stage,  corresponding  approximately  to  that  shown  in 
Text  Fig.  5.  The  chromosome  in  black  at  the  right  has  apparently  passed  through 
the  mass  of  chondriosomes  along  the  path  indicated.  The  chondriosomes  in  the 
center  lie  at  about  the  level  of  the  chromosome  at  the  extreme  left,  which  may  have 
passed  through  the  opening  between  the  two  clusters. 

FIG.  9.  Slightly  earlier  stage  than  the  preceding.  In  this  cell  the  four  re- 
treating chromosomes  are  not  widely  separated.  They  have  come  into  contact  with 
the  saucer-shaped  mass  of  chondriosomes  preparatory  to  passing  through  it.  The 
contact  has  evidently  served  to  bend  or  fold  their  distal  ends,  giving  a  clumped  ap- 
pearance. This  is  shown  clearly  by  the  V-shaped  chromosome  at  the  left.  Al- 
though not  very  evident  in  the  figure,  the  transparent  sheath  around  each  chromo- 
some is  distinct  in  the  preparation ;  it  serves  to  keep  the  chromosome  proper  from 
touching  the  chondriosomes. 

FIG.  10.  Incomplete  figure  at  approximately  the  same  stage  as  the  preceding. 
Three  retreating  chromosomes  are  shown — two  rods  and  the  V.  The  one  at  the 
left  is  at  a  higher  level  than  the  others  and  is  completely  cut  off  from  the  periphery 
by  chondriosomes,  only  a  few  of  which  are  shown.  The  sheath  surrounding  this 
chromosome  is  in  contact  with  the  chondriosomes.  This  chromosome  would  subse- 
quently have  passed  between  the  chondriosomes  to  the  periphery.  Such  cases  seem 
to  demonstrate  that  the  chromosomes  are  not  transported  by  currents  and  that  each 
is  at  the  apex  of  the  outflowing  mass  of  protoplasm  in  which  it  lies,  if  there  is  any 
such  mass  in  addition  to  the  transparent  "  sheath." 

FIG.  11.  Primary  spermatocyte  from  smear  made  from  material  treated  with 
cold  for  48  hours  and  dissected  and  fixed  in  cold.  Cell  slightly  flattened.  The 
four  retreating  chromosomes  are  long  and  slender  and  widely  divergent — the  V- 
shaped  one  lying  at  the  upper  left  of  the  figure.  Whether  or  not  their  elongation 
is  due  to  the  cold  is  uncertain,  but  it  is  probable  that  their  movements  were  greatly 
slowed  down,  if  not  stopped,  by  the  treatment.  The  chromosome  at  the  lower  right 
lies  partly  among  the  chondriosomes  and  is  curved  partially  around  one  of  them  as 
shown  in  the  figure.  The  achromatic  figure  is  not  visible  in  this  cell. 

FIGS.  12-14.  Second  spermatocytes  in  which  the  chromosomes  which  should 
have  been  discarded  at  the  first  division  have  been  retained,  presumably  due  to 
exposure  to  cold. 

FIG.  12.  Interkinesis  stage  showing  the  chromosomes  of  the  regular  nucleus 
above  and  the  artificially  retained  ones  in  a  cluster  resembling  a  nucleus  below. 
The  latter  chromosomes  are  exhibiting  the  same  interkinetic  changes  as  those  in 
the  regular  nucleus. 

FIG.  13.  Later  stage  from  same  testis  as  the  preceding,  showing  the  regular 
chromosomes,  above,  in  metaphase  of  second  division,  seen  in  side  view  ( compare 
with  figures  in  Metz,  Moses,  and  Hoppe,  1926)  and  the  artificially  retained  chromo- 
somes near  lower  right.  The  latter  have  divided  and  condensed  and  are  in  essen- 
tially the  same  stage  as  the  others.  Each  is  surrounded  by  its  transparent 
"  sheath,"  which  in  this  case  is  clearly  revealed  by  the  relatively  dark  cytoplasm 
surrounding  them. 
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FIG.  14.  Later  stage  (middle  anaphase)  of  second  division  from  same  testis. 
As  in  preceding  three  cases  (all  from  smears)  the  achromatic  part  of  the  mitotic 
figure  is  practically  invisible  (see  above  under  "methods").  The  position  of  the 
spindle  is  clearly  indicated,  however,  by  the  orientation  of  the  chromosomes  passing 
to  the  poles  (for  explanation  of  this  mitosis  see  Metz,  Moses,  and  Hoppe,  1926). 
The  four  lowermost  chromosomes,  all  split,  are  the  artificially  retained  ones — 
marked  r.  They  lie  near,  but  not  in,  one  end  of  the  spindle.  The  one  shown  in 
solid  black  lies  at  a  high  level  directly  above  this  pole  of  the  spindle.  Note  that  in 
this  cell  the  retained  chromosomes  appear  to  be  fully  as  large  as  those  from  the 
regular  nucleus.  In  the  cells  of  this  testis  only  one  large  "limited"  chromosome 
is  present — a  condition  frequently  found.  The  daughter  halves  of  this  chromosome 
in  the  present  figure  lie  at  the  left  of  the  spindle,  going  to  opposite  poles.  The 
daughter  halves  of  the  small  V  are  at  the  right  of  the  spindle. 

FIGS.  15-17.  Photographs  with  explanatory  drawings  of  three  primary  sper- 
matocytes  during  the  monocentric  mitosis ;  from  sections. 

FIG.  15.  A  cell  showing  the  retreating  chromosomes  shortly  after  they  have 
reached  the  periphery  and  their  paths  have  begun  to  converge.  The  chromosomes 
at  the  pole  have  lost  their  orientation  and  become  irregularly  clumped,  a.  Outline 
camera  drawing ;  note  that  the  V-shaped  chromosome  is  at  the  right,  b.  Com- 
posite photograph  taken  at  different  levels  to  show  relative  horizontal  positions  of 
the  retreating  chromosomes.  The  two  outer  ones  are  at  a  high  level  and  the  two 
inner  ones  at  a  low  level,  c  and  d.  Photographs  at  high  focus  and  low  focus,  re- 
spectively, showing  the  features  just  mentioned. 

FIG.  16.  Similar  illustrations  of  a  cell  at  a  slightly  later  stage.  The  V-shaped 
chromosome,  near  middle  of  the  retreating  group,  and  the  rod  at  the  right  are  at 
higher  levels  than  the  other  two.  a.  Camera  drawing  (see  Fig.  17.  Metz,  Moses, 
and  Hoppe,  1920).  />.  Photograph  at  high  focus  showing  the  two  upper  chromo- 
somes, with  indications  of  the  other  two  which  are  not  entirely  out  of  focus. 
c.  Photograph  at  low  focus,  using  higher  magnification,  showing  the  two  lower 
chromosomes.  As  indicated  by  the  figures,  the  paths  of  the  retreating  chromosomes 
are  converging.  The  two  lower  members  are  moving  upward  and  toward  the  right; 
tin-  V  is  moving  downward,  and  the  rod  at  the  right  is  moving  downward  and  to- 
ward the  left. 

FIG.  17.  Similar  illustrations  of  an  unusually  small  cell  at  an  earlier  stage 
than  either  of  the  two  preceding.  Three  of  the  retreating  chromosomes,  two  rods 
and  the  V,  are  readily  seen  at  short  distances  from  the  other  chromosomes,  which 
are  close  together,  a.  Composite  photograph  taken  at  different  levels,  b.  Out- 
line camera  drawing  designed  to  supplement  the  composite  photograph  in  showing 
the  general  composition  of  the  figure,  and  the  comparative  horizontal  positions  of 
the  chromosomes.  Apparently  the  fourth  retreating  chromosome  is  the  long  one 
projecting  from  the  compact  group  down  toward  the  retreating  V.  This  mem- 
ber is  not  completely  separate  from  the  group  which  has  gone  to  the  pole,  al- 
though it  lies  below  most  of  the  member*  of  this  group.  The  identity  of  this 
chromosome  is  not  certain,  however,  because  the  cell  may  be  cut,  and  also  the 
clustered  chromosomes  are  too  closely  clumped  to  make  individual  identification 
poodle.  Xote  the  wide  divergence  of  the  three  conspicuous  retreating  chromo- 
somes. Presumably  none  of  them  has  quite  readied  the  periphery,  c.  High  focus 
showing  the  retreating  hooked  rod.  at  left.  d.  Lower  focus  showing  the  group 
iii'ar  the  pole  and  also  indicating  the  vertical  distance  between  the  retreating  rod 
jtist  mentioned  and  the  two  other  members  shown  in  the  next  figure,  c.  Still 
io\\er  level  showing  the  retreating  V  and  the  rod  seen  at  the  right  in  a  and  b. 
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CHANGES  IX  SUSCEPTIBILITY  OF  DROSOPHILA  EGGS 

TO  ALPHA   PARTICLES 

P.  S.  HEXSHAW  AND  C.  T.  HKXSHAW 
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In  a  previous  re-port  (  Henshaw  and  Ik-nslia\v.  1(>33)  \vc-  have  shown 
that  nrosopliila  iiicliiiiof/ustcr  eggs  vary  markedly  in  susceptibility  to 
200  kv.  X-rays  at  different  stages  during  early  development.  A  cor- 
relation of  the  changes  in  radiosensitivity  with  the  changes  in  develop- 
ment showed  that  they  hecome  more  sensitive  during  cleavage  and 
hlastulation.  mucli  more  resistant  at  or  near  the  beginning  of  gastrula- 
tion.  and  more  sensitive  again  as  gastrulation  gets  under  way.  Having 
found  that  susceptibility  to  one  type  of  radiation  varies  in  a  certain  way, 
it  is  of  interest  to  determine  whether  it  varies  in  the  same  way  when 
other  types  of  radiation  are  used. 

Alpha  particles,  beta  particles,  and  gamma  rays  are  the  three  recog- 
nized forms  of  radiation  emitted  by  radioactive  substances.  The  alpha 
and  beta  rays  are  corpuscular  in  nature  while  the  gamma  radiation  is 
like  X-rays  of  very  short  wave  length.  All  of  these  forms  of  radiation. 
including  X-ravs,  are  capable  of  causing  ionization  in  matter  subjected 
to  their  influence.  According  to  the  Rutherford-Bohr  theory  ot  the 
structure  of  the  atom,  the  alpha  particle  is  identical  with  the  helium  atom 
stripped  of  its  two  planetary  electrons.  It  therefore  has  an  electric 
charge  of  two  positive  and  a  mass  about  7000  times  that  of  the  beta 
particle  or  electron  I  Kailla.  1927  ')  .  Since'  it  has  atomic  dimensions  and 
has  a  vclocitv  of  .15  to  .20  times  that  of  light,  it  represents  an  enormous 
concent  rat  ion  oi'  kinetic  energy.  '  In  fact  the'  alpha  particle  is  the  most 
potent  a-ent  known  to  science"  (  Lind.  1'L'S). 

In  addition  to  the  200  kv.   X-rays  used  previously,  we  have  had  at 

our  disposal  40  kv.  X-rays,  gamma  rays,  and  alpha  particles.      Tests  de- 

termining  susceptibility   change-   have   been    made   with   each    ot    these. 

The  responses  to  -10  kv.   X-rays  and  gamma   rays  were  essentially  tin- 

same  as  to  200  kv.   X-rays.      With  alpha  particles,  however,  the  effects 

very  different.      Experiments  with  alpha  particles  will  thereJore  be 

nt'  '1  in  detail,  after  which  results   for  all  will  be  compared. 
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ALPHA  RADIATION 

The  source  of  alpha  particles  was  polonium,  which  is  one  of  the 
radioactive  products  of  radium.  Polonium  was  extracted  from  the 
walls  of  old  radon  tubes  which  had  been  used  in  cancer  therapy.  This 
was  done  with  a  dilute  acid  solution  (.2  per  cent  HC1,  approximately). 
The  extract  solution  was  flooded  onto  one  surface  of  a  copper  disc 
3.5  cm.  in  diameter  and  the  polonium  deposited  on  the  metal  surface. 
The  amount  retained  by  the  disc  was  sufficient  to  kill  Drosophila  eggs 
after  several  minutes  exposure.  That  alpha  particles  were  responsible 
for  the  killing  observed  and  not  some  other  form  of  radiation  was  made 
certain  by  experiments  which  will  be  described  later. 

TREATMENT  OF  EGGS 

A  large  collection  of  eggs  was  obtained  from  actively  laying  flies 
during  a  two-hour  period.1  This  was  divided  into  several  portions, 
usually  fifteen,  each  containing  more  than  100  eggs  and  often  more  than 
200.  With  a  soft  brush  the  eggs  were  spread  evenly  in  a  single  layer  on 
small  pieces  of  filter  paper  and  were  then  ready  for  treatment. 

The  exposures  were  made  in  moist  chambers,  arranged  by  placing 
moist  filter  paper  on  the  bottom  of  Petri  dishes  15  cm.  in  diameter.  The 
filter  paper  strips  carrying  the  eggs  were  placed  on  these  near  the  center. 
The  copper  disc  was  fastened  in  the  center  of  the  Petri  dish  cover  so 
that  the  plated  surface  was  directed  toward  the  eggs  and  was  about  two 
centimeters  above  them  when  the  dish  was  covered  in  the  usual  wav. 

j 

Eggs  placed  directly  under  the  disc  were  killed  by  the  radiation  while 
those  placed  5  cm.  or  more  away  were  unaffected. 

In  order  to  determine  the  susceptibility  of  the  material  at  different 
ages,  tests  were  performed  on  different  parts  of  the  same  collection  of 
eggs  at  hourly  intervals.  The  first  began  15  minutes  after  the  end  of 
the  collection  period.  Four  samples  were  used  for  each  test ;  the  first 
three  received  15,  30,  and  45  minutes  exposure,  respectively:  the  fourth 
was  kept  as  a  control.  Three  exposures  were  used  in  order  that  the 
effect  of  different  amounts  of  radiation  could  be  considered.  After 
treatment  the  samples  and  the  control  were  put  away  in  moist  chambers 
at  room  temperature  (22-25°  C.).  On  the  third  day  after  irradiation, 
counts  were  made  to  determine  the  percentage  hatched.  This  served  as 
the  criterion  of  effect. 

RESULTS 

The  data  obtained  are  shown  in  the  accompanying  table.  Since  aq-e 
in  development  is  the  point  in  question,  age  is  given  relative  to  the  time 

1  For  culture  of  flies  and  the  collection  of  eggs,  see  the  earlier  report — Henshaw 
and  Henshaw. 
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of  fertilization  rather  than  the  time  of  collection.  Since  the  eggs  are 
fertilized  individually  as  they  pass  through  the  vagina  of  the  female  fly 
and  are  deposited  at  any  time  during  the  collection  period,  their  age  is 

TABLK  I 

Data  on  Changes  in  Susceptibility  of  Drosophila  /://</.\-  In  Alpha  Particles 


A«e  in  Hours 

Exp.  No 

U 

21 

31 

4i 

51 

6i 

71 

81 

Percentase  EKK*  Hatching 
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86 

93 

96 

94 

87 

2 

91 

92 

88 

89 

Controls 

3 
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90 
97 

94 
93 

96 

91 

91 

96 

95 
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93 

93 

93 
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93 

99 

93 

89 

98 
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98 

97 

99 

99 

98 

Average  . 

92 

93 
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93 

94 

93 

93 

93 
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90 

42 

11 

37 

74 
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84 

35 

5 

30 

15   min.   exposure 
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4 

88 
88 

42 
23 

33 
13 

41 
34 

50 
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89 
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28 

66 

89 
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21 
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49 

Average  
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39 

16 

38 

52 

74 
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1 

81 

22 
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IS 

32 
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81 

22 
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30  min.   exposure 

3 
4 

85 
71 
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10 

20 
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22 
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19 
28 

44 

83 
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5 

46 

35 

29 
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84 

6 

71 

10 

6 

6 

17 

Average.  .    .    . 
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11 

14 
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83 
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11 

21 
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68 

11 

IS 

19 

14 

60 

45   min.   exposure 

4 

56 

12 

11 

5 

9 

35 

61 

5 

49 

23 

26 

is 

79 

6 

45 

8 

10 

6 

29 

\\  crage  

63 

11 

11 

11 

30 

35 

60 

61 

known   to   vary   as   much   as   two   hours.      It    is   necessary,  therefore,  to 
speak  of  an  average  age  for  the  eggs  in  a  sample.     As  pointed  out  in  the 
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earlier  report,  this  is  approximately  the  middle  of  the  laying  period. 
Thus  if  age  is  reckoned  from  the  average  time  of  fertilization,  the  eggs 
are  one  hour  old  at  the  end  of  collection. 

As  seen  from  Table  T,  a  control  sample  was  kept  for  every  age  group 
irradiated.  Among  these  the  fertility  varied  from  87  to  98  per  cent. 
The  average,  therefore,  was  92  per  cent ;  this  was  taken  as  100  per  cent 
and  other  values  were  adjusted  accordingly.  The  average  values  were 
thus  treated  and  plotted  in  Fig.  1  (solid  line  curves). 

The  abscissa  (Fig.  1)  shows  age  in  hours  and  stage  in  development, 
while  the  ordinate  shows  the  percentage  of  eggs  hatching.  The  curves, 
therefore,  show  the  percentage  of  eggs  hatching  at  different  ages  after 
receiving  15,  30,  and  45  minutes  exposure  to  alpha  particles.  It  will  be 
seen  that  the  eggs  become  increasingly  sensitive  during  the  first  two  or 
three  hours  after  fertilization,  after  which  time  they  become  more  re- 
sistant again.  The  point  of  maximum  sensitivity  (minimum  resist- 
ance), therefore,  is  reached  between  2  and  4  hours  after  fertilization. 

The  dash  line  curves  show  data  obtained  previously  for  200  kv. 
X-rays.  The  shape  and  position  of  such  curves  vary  depending  upon 
the  dosage  of  radiation  administered.  Accordingly,  those  for  2.5  (A) 
and  5  (B~)  minutes  exposure  (234  roentgens  per  minute)  were  selected 
to  show  the  most  prominent  changes.  In  the  previous  experiment  a 
series  of  different  dosages  were  used,  but  without  exception  there  was 
a  distinct  increase  in  resistance  between  2  and  4  hours  after  fertilization. 
The  subsequent  fall  in  resistance  shown  by  curve  B  appeared  only  when 
larger  dosages  were  given.  By  comparing  directly  the  curves  for  the 
two  types  of  radiation  it  is  seen  that,  in  general,  they  vary  just  opposite. 
While  the  eggs  become  more  resistant  to  200  kv.  X-rays,  they  become 
more  susceptible  to  alpha  particles ;  the  point  of  greatest  resistance  to 
200  kv.  X-rays  and  the  point  of  greatest  susceptibility  to  alpha  particles 
being  reached  at  about  the  same  time. 

Less  complete  data  for  40  kv.  X-rays  (soft  X-rays)  and  gamma  rays 
are  shown  in  Fig.  2.  Only  one  dosage  was  used  in  each  case.  The 
curves  for  these  radiations  are  similar  to  the  one  for  2.5  minutes  ex- 
posure to  200  kv.  X-rays.  Presumably,  therefore,  if  dosages  had  been 
varied  for  these  radiations  as  for  200  kv.  X-rays,  similar  variations  due 
to  dosage  would  have  been  observed.  Whether  this  is  actually  the  case 
can  be  determined  only  by  further  experiment,  but  the  evidence  is  suffi- 
cient to  show  clearly  that  the  organisms  become  more  resistant  to  40  kv. 
X-rays,  200  kv.  X-rays,  and  gamma  rays  when  they  become  more  sus- 
ceptible to  alpha  particles. 

The  problem,  therefore,  is  to  account  for  the  difference  in  response 
to  alpha  particles.  Since  the  response  varies  for  different  radiations 
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I;n;.  1.  Curve--  sliriuiii!4  (lian^is  in  Misccptiliility  to  al|)lia  particles  (solid  line 
curves)  and  200  kv.  \-ra\-  nlash  liiu-  curves).  'I  IK-  index  at  the  base  of  the  fig- 
ure shows  the-  stayi-  in  development  at  different  a>je-. 

l-'i'     2.     '  urves   ^lio\vin»  tlie  ehan.nes  in  susceptibility  to  40  kv.  X-rays   (soft 

X-ray.-),  gamma  ra\  s.  and  alpha  particles. 
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and  different  ages,  it  is  evident  that  both  the  character  of  the  radiation 
and  the  processes  of  development  are  involved.  These  will  be  discussed 
in  turn. 

PROPERTIES  OF  THE  RADIATIONS 

One  of  the  essential  differences  between  the  radiations  used  is  the 
power  of  penetration  into  matter.  "  As  a  rough  working  rule,  it  may  be 
taken  that  beta  particles  are  about  100  times  as  penetrating  as  alpha 
particles  and  that  gamma  rays  are  from  10  to  100  times  as  penetrating 
as  the  beta  rays.  ...  A  thickness  of  .006  cm.  of  aluminum  or  mica  or 
a  sheet  of  ordinary  writing  paper  is  sufficient  to  absorb  completely  all 
the  alpha  particles"  (Rutherford.  Chadwick,  and  Ellis,  1930).  Since, 
therefore,  the  large  supply  of  kinetic  energy  possessed  by  the  alpha 
particles  is  expended  in  so  short  a  distance,  much  greater  destruction  is 
caused  per  unit  length  of  their  trajectory. 

Alpha  particles  of  polonium  are  completely  stopped  by  4  cm.  of  air, 
while  beta  particles  require  5  mm.  of  aluminum  or  1  mm.  of  lead  to 
stop  all  (Lind,  1928).  Gamma  rays,  on  the  other  hand,  will  pass 
through  15  cm.  of  lead  and  the  softer  X-rays  will  pass  through  1  mm.  or 
more  of  aluminum.  It  is  certain,  therefore,  that  gamma  rays  and  X-rays 
and  some  beta  particles  are  capable  of  penetrating  to  all  parts  of  the 
Drosophila  egg.  Unfortunately,  microscopic  preparations  of  eggs  which 
have  been  exposed  to  alpha  particles  do  not  show  delimited  changes 
which  mark  the  extent  of  penetration. 

Alpha  particles  from  polonium  penetrate  water  a  distance  of  32  p, 
(Michl,  1914).  Presumably,  they  penetrate  about  the  same  distance 
into  protoplasm,  since  it  has  approximately  the  same  density.  Feicht- 
inger  (1931)  reports  that  alpha  particles  of  polonium  produce  visible 
effects  in  root  tips  to  a  depth  of  30^.  Zirkle  (1932)  described  the 
effects  of  this  radiation  on  the  spores  of  the  fern,  Pteris  lougifolia, 
which  have  a  diameter  of  about  38/A.  The  nucleus  in  this  form  ordi- 
narily lies  to  one  side  of  the  center.  When  irradiated  with  the  nucleus 
directed  away  from  the  source  of  radiation  the  effect  was  very  different 
from  that  obtained  when  it  was  on  the  side  directed  toward  the  source. 
In  this  case,  the  particles  must  have  penetrated  to  about  half  the  diame- 
ter of  the  organism  or  approximately  20  ft.  While  carrying  out  some 
work  on  eggs  of  the  sea  urchin,  Arbacia  punctidata,  we  also  have  ob- 
tained some  idea  of  the  penetration  of  alpha  particles  into  protoplasm. 

Arbacia  eggs,  when  placed  in  a  hanging  drop,  settle  to  the  lower 
surface  where  they  can  be  irradiated  with  alpha  particles.  A  sample  of 
eggs  exposed  for  10-15  minutes  while  in  the  two-cell  stage  and  ex- 
amined at  subsequent  intervals  will  contain  deformed  individuals  similar 
to  those  shown  in  Fig.  3,  row  A.  If  exposed  while  in  the  four-  or  eight- 
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cell  stages,  figures  like  those  in  rows  B  and  C,  respectively,  will  be  found. 
Normally,  the  cells  divide  equally  and  simultaneously  during  early  cleav- 
age so  that  the  number  of  cells  increases  2-4—8-16.  etc.  It  appears  that 
during  exposure  some  of  the  e^^s  by  random  distribution  took  a  position 
with  one  cell  (in  the  first  case)  shielded  by  the  other  from  the  radiation 
and  that  the  radiation  penetrated  only  far  enough  to  destroy  the  cell 
nearest  the  surface.  Since  the  over-all  diameter  of  this  organism  in  the 
two-cell  stage  is  about  75  ^  and  since  alpha  particles  appear  to  have 
penetrated  not  more  than  half  this  distance,  their  range  in  this  case  must 
have  been  less  than  40  p.. 


B 


C 


/• N 

A 


B 


FIG.  3.     Photomicrographs  and  diagrams  sho\vin»  the  effects  of  alpha  particles 
on  Arbacia  <-•««>  when  rxpnsul  in  the  2-n-Il  (./),  4-u-ll   (/>'),  and  8-cdl   (O 


From  the  instances  cited,  it  si-ems  clear  that  the  range  of  alpha 
particles  in  protoplasm  is  approximately  30  /j..  Since  then,  the  trans- 
\er-r  diameter  of  the  Drosophila  egg  is  about  100  /A.  it  is  improbable 
that  the  particles  ever  reach  their  center.  In  the  case  of  the  experiment 
above  they  were  probably  stopped  near  the  surface  since  they  passed 
through  2  cm.  of  air  and  the  membranous  cbon'mi  In-fore  reaching  the 
living  parts.  Since  the  difference  in  results  obtained  with  the  different 
radiations  may  be  accounted  for  on  the  basis  of  penetration  (see  below), 
•  •tiler  properties  of  the  radiations  need  not  be  considered. 
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The  tests  performed  to  make  certain  that  alpha  particles  and  not 
some  other  radiation  were  responsible  for  the  results  obtained  depended 
on  differences  in  penetration  range  of  the  different  radiations  and  may 
be  given  briefly  at  this  point.  An  ordinary  piece  of  writing  paper  was 
placed  over  the  polonium-plated  disc  during  exposure  in  one  case,  and 
the  eggs  were  placed  at  a  distance  of  4  cm.  from  the  disc  in  another.  In 
both  cases  no  eggs  were  killed,  although  the  time  of  exposure  was  con- 
tinuous from  the  end  of  collection  to  the  time  of  hatching.  Since  the 


. 


. 


FIG.  4.  Longitudinal  sections  of  Drosophila  eggs  of  different  ages:  (A)  be- 
fore nuclei  begin  to  migrate  to  periphery,  0-1.5  hours  old  after  fertilization  (B) 
blastular  stage,  1.5-2.5  hours  after  fertilization;  and  (C)  gastrular  stage,  2-3  hours 
after  fertilization. 

beta  and  gamma  rays  which  might  be  present  would  have  a  greater  range 
than  4  cm.  of  air  and  would  not  be  stopped  by  a  sheet  of  paper,  the  ob- 
served effects  may  safely  be  attributed  to  alpha  particles. 

EARLY  EMBRYOLOGY  IN  DROSOPHILA 

Development  as  it  ]>ertains  to  the  present  discussion  may  be  de- 
scribed briefly.  The  egg  and  sperm  nuclei  unite  near  the  center  of  the 
egg  and  the  early  cleavages,  nuclear  only,  take  place  synchronously  in 
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the  central  region  at  the  rate  of  1  in  10-12  minutes  at  room  temperature 
(22-25°  C.).  At  about  the  eighth  or  ninth  cleavage  (  Hucttner,  1923), 
approximately  100  minutes  after  fertilization,  the  nuclei  begin  to  mi- 
grate to  the  periphery  where  cell  membranes  are  formed  around  them 
and  where  they  arrange  themselves  in  a  single  layer  to  form  the  blasto- 
derm. This  thickens  by  continued  mitosis  and  growth  and  at  about 
150  minutes  after  fertilization  gastrulation  begins  bv  imagination 
(Figs.  1  and  4). 

CORRELATIONS 

By  correlating  the  changes  in  sensitivity  with  the  location  of  the  cells 
at  different  stages,  it  is  seen  that  the  eggs  become  increasingly  susceptible 
as  the  nuclei  move  toward  the  periphery,  that  they  are  the  most  sus- 
ceptible when  the  largest  number  of  cells  are  active  at  the  periphery, 
and  that  they  become  more  resistant  as  the  actively  growing  regions 
move  away  from  the  surface  toward  the  center  again.  Because  of  this 
it  is  believed  that  the  changes  in  susceptibility  to  alpha  particles  may  be 
accounted  for  by  saying  that  (1)  the  amount  of  radiation  used  is  suffi- 
cient to  produce  death  only  when  active  cells  (or  nuclei)  are  affected; 
that  (2)  at  first,  the  cells,  being  in  the  central  region  of  the  egg,  are 
beyond  the  range  of  the  particles;  that  (3)  they  move  into  the  range 
as  they  pass  to  the  periphery;  and  that  (4)  the  active  cells  move  out 
of  the  range  again  at  the  time  of  gastrulation. 

SUMMARY 

1.  Changes  in  the  susceptibility  of  Drosophila  eggs  to  different  kinds 
of  radiation  have  been  followed  during  early  development. 

2.  It  was   found  that   the   eggs  become  more  susceptible   to   alpha 
particles  during  cleavage   and   blastulation   and   more   resistant   during 
organogenesis,  the  point  of  maximum  sensitivity  being  reached  at  or  just 
after  the  beginning  of  gastrulation. 

3.  A  comparison  of  these  findings  with  those  obtained  for  200  kv. 
X-rays  showed   that  the  eggs   wen1  most    resistant  to  the  X-rays  when 
they  were  most  susceptible  to  the  alpha  particles. 

4.  Further  experiments  with  40  kv.  X-rays  and  gamma  rays  indi- 
cated that  the  organisms  were  consistent  in  their  responses  to  radiation 
capable  of  penetrating  uniformly  to  all  parts. 

5.  It    appears,   therefore,   that   the   difference   in    response   to   alpha 
particles  \\-as  due  mainly  to  two  factors:    (a)  the  short  penetration  range 
of  the  radiation  into  protoplasm,  and    (/>)   the  movement  of  the  active 
cells  into  and  out  of  its  range. 

Ai-km wltvlnments:    The  writers  wish  to  express   their  indebtedness  to  Dr.  G. 
Failla  for  sut'ijestini;  the  use  of  alpha  particles  and  for  his  aid  and  helpful  sugges- 
during  the  cmirsc  nf  the  work. 
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ACTION  OF  ELECTROLYTES  ON  THE  DORSAL  MEDIAN 
XERVE  CORD  OF  THE  LIMULUS  HEART 

IPIXG  CHAO 

( /•><>/;/   the   Marine   Biological  Laboratory,   ll'oods  Hole,  and   the 
Department  of  Physiology,  University  of  Chicago) 

The  nenrogenic  origin  of  the  heart  heat  of  Liiintlus  has  been  demon- 
strated by  Carlson  (1909)  and  confirmed  by  the  more  recent  work  of 
Carrey  (1930)  and  Samojloff  (1930).  This  demonstration  depends 
upon  the  fact  that  the  dorsal  median  nerve  cord,  where  the  rhythm 
originates,  can  be  separated  almost  entirely  from  the  heart  musculature 
without  interrupting  their  connection,  so  that  experiments  can  be  per- 
formed on  the  nerve  and  on  the  musculature  separately.  Although  the 
literature  on  the  effect  of  electrolytes  on  the  vertebrate  heart  and  on 
certain  types  of  invertebrate  heart  has  been  very  extensive  since  Ring- 
er's tinre,  relatively  few  papers  have  appeared  (chiefly  by  Carlson  him- 
self) on  the  actions  of  salts  on  the  Llmnlus  heart.  It  seemed,  there- 
fore, highly  desirable  that  further  work  of  this  kind  should  be  carried 
out,  especially  in  reference  to  the  action  of  salts  on  the  automatic  nerv- 
ous rhythm. 

The  present  work  was  done  on  the  nerve  only.  The  dorsal  median 
nerve  cord  (or  ganglion)  was  isolated  from  the  posterior  end  of  the 
heart,  remaining  attached  anteriorly,  and  the  heart  was  sectioned  after 
the  second  segment.  This  preparation,  first  used  by  Carlson  (1906), 
is  similar  to  a  nerve-muscle  preparation.  The  regular  contraction  of 
the  heart  depends  upon  the  rhythmic  nervous  discharge,  originating  in 
the  ganglion  ;  and  the  amplitude  of  contraction  depends  upon  the  in- 
tensity of  the  nerve  imjml.se;  presumably  this  depends  upon  the  num- 
ber of  nerve  cells  acting  together.  The  first  two  segments  of  the  heart 
were  mounted  in  Ringer's  solution  and  attached  to  a  light  heart  lever 
for  graphic  registration  with  the  nerve  hanging  down  into  the  test  solu- 
tion. Any  such  solution  could  be  quickly  changed  for  another  without 
disturbing  the  preparation. 

Instead  of  using  sea  water  as  an  indifferent  medium  for  the  gan- 
glion, a  simplified  medium  similar  in  composition  to  Ringer's  solution 
and  isotonic  with  the  Woods  Mule  sea  water  (A--l°.82)  was  used. 
This  modified  Ringer's  solution  consisted  of  100  vols.  0.52  M  XaCl, 
0.52  M  K(  1.  and  15  vols.  0.29  M  CaCl,,  and  proved  highly  satis- 
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factory  as  a  substitute  for  normal  sea  water  or  Limit!  us  plasma.  In 
this  medium  both  the  nerve  and  the  whole  heart  could  be  kept  in 
good  condition  for  several  hours,  although  in  some  cases  there  was  a 
slight  temporary  increase  in  rate  during  the  first  few  minutes  after 
transfer  from  sea  water  to  the  medium.  The  hydrogen-ion  concentra- 
tion of  this  solution  was  slightly  on  the  acid  side  of  neutrality  (pH  ca. 
6)  ;  the  same  was  true  of  the  other  salt  solutions  used  in  this  work.  Any 
effect  due  to  the  change  of  hydrogen-ion  concentration  was  inappreciable 
in  these  experiments,  except  in  a  few  cases  to  be  described  later. 

Isotonic  solutions  were  used  throughout.  When  the  salt  concentra- 
tion, considered  by  itself,  was  lower  than  isotonic,  the  solution  as  a  whole 
was  made  isotonic  by  the  addition  of  sucrose.  According  to  Garrey's 
determinations  (1915),  0.52  M  NaCl,  0.29  M  MgCL,  and  0.73  M  su- 
crose are  isotonic  with  the  Woods  Hole  sea  water,  and  hence  with  the 
Ringer's  solution  and  the  blood.  All  experiments  were  done  at  room 
temperature;  this  varied  from  21°  to  27°  C.  The  action  of  a  given  salt 
solution  was  indicated  by  the  change  of  activity  observed  in  the  heart 
muscle  when  the  Ringer's  solution  surrounding  the  ganglion  was  ex- 
changed for  the  experimental  solution  at  the  same  temperature.  All 
solutions  were  in  gaseous  equilibrium  with  the  air  and  uniform  in  pH. 

THE  ACTION  OF  SINGLE  SALTS 
Neutral  Sodium  Salts 

As  shown  by  Carlson  (1906a),  the  first  effect  of  pure  isotonic  NaCl 
solution  is  to  increase  the  rate  of  the  nervous  rhythm  ;  this  effect  is  fol- 
lowed by  decrease  in  the  intensity  of  the  nervous  discharge,  as  shown  by 
lessened  height  of  contraction,  irregularity  of  rhythm,  and  ultimate 
standstill.  The  time  for  the  abolition  of  the  rhythm  varies  from  half 
an  hour  to  an  hour  or  more.  The  height  of  contraction  may  increase 
somewhat  at  the  beginning  or  may  not.  The  invariable  effects  are  (1) 
the  rapid  rate,  (2)  the  irregularity  of  the  rhythm  and  amplitude  and  (3) 
the  gradual  decrease  and  final  cessation  of  contractions.  All  the  other 
neutral  sodium  salt  solutions  have  similar  actions,  differing  only  in  de- 
gree. The  quantitative  differences  between  the  neutral  sodium  salts 
follow  the  anion  series  of  Hofmeister  (lyotropic  series)  ;  this  can  be 
demonstrated  in  several  ways,  as  follows : 

(a)  By  the  relative  effectiveness  in  increasing  the  rate  of  the  nerv- 
ous rhythm.  When  a  nerve  is  transferred  from  Ringer's  solution  to  a 
solution  of  pure  NaCNS,  for  instance,  the  rate  (contractions  per  min- 
ute) is  only  slightly  increased,  but  the  height  of  contraction  falls  off 
rapidly  and  the  rhythm  ceases  in  a  minute  or  two.  NaT  has  exactly  the 
same  action,  except  that  the  rate  of  increase  is  greater,  and  the  rhythm 
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is  maintained  longer,  usually  for  two  to  three  minutes.  A  specific  toxic 
or  inhibitory  effect  of  the  pure  Xa-salts  is  thus  shown,  for  when  all 
electrolytes  are  removed  by  surrounding  the  ganglion  with  isotonic  su- 
crose solution,  the  rhythm  persists  for  some  time,  frequently  for  half  an 
hour  or  more.  The  relative  effectiveness  of  the  different  salts  in  in- 
creasing the  rate  shows  tin-  order  of  the  llofmeister  series,  XaCNS 
being  the  least  and  Xa.,S(\  the  most  effective.  Table  T  and  Fig.  1  show 
the  typical  effect  on  the  rhythm  in  the  different  solutions  during  the 
first  five  minutes  after  transfer  from  Ringer's  solution,  expressed  as 
percentages  of  the  original  rates  in  Ringer's  solution. 

The  data  in  Table  I  were  obtained  with  a  single  heart       The  ganglion 
was   fir -4  treated  with   XaC'XS   solution   until  the   rhythm  ceased  com- 

TABLE  T 


Relath'C   effectiveness  of   the   neutral  sodium   salt1;   in    Increasing    the    rate    of 

rh\lhm.     Numbers   represent   percentage   increases    in   rate   over   the   control,    i.e.: 

/rate  in  test  solution  --  rate  in  Rinper 

\  rate  in  Ringer 


-xioo 


1st  min. 

2d  min. 

3d  min. 

4th  min. 

5th  min. 

NaCXS  

18 

stopped 

Nal                     

72 

77 

stopped 

NaBr 

54 

84 

124 

147 

155 

ViXOs 

82 

145 

165 

170 

160 

NaCl     . 

96 

129 

170 

205 

235 

NaiSO< 

210 

305 

480 

pletely  :  the  XaC'XS  was  then  replaced  by  Ringer's  solution;  rhythm,  at 
first  slow,  was  resumed,  becoming  normal  in  rate  in  a  tew  minutes.  The 
Ringer's  solution  was  then  replaced  by  the  second  solution  in  the  series 
(Xal),  and  the  beats  were  counted  as  before  until  cessation.  Rhythm 
was  again  restored  by  return  to  Ringer's  solution  as  before,  and  the  next 
salt  solution  was  used  similarly,  and  so  on  in  the  order  indicated  in 
Table  I.  The  series  \vas  then  repeated  with  the  same  solutions  in  the 
reverse  order;  Ringer's  solution  being  first  replaced  by  Xa,SO,.  then  by 
NaCl  and  so  on.  The  effect  of  treatment  for  five  minutes  with  the  Xa- 
salt  solution  was  always  perfectly  reversible;  in  every  cast'  normal 
rhythm  returned  after  transfer  to  Ringer's  solution.  The  ganglion  was 
apparently  uninjured  at  the  end  of  the  scries.  Kach  figure  in  Table  T 
thus  represents  the  average  of  two  determinations  on  the  same  ganglion. 
The  relative  effectiveness  of  the  different  salts  in  accelerating  the 
rhythm  shows  the  order  : 

Xa  S<  ),  >  XaG  >  XaX(  >:;  >  XaP.r  >  Xal  >  XaCXS. 
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It  is  remarkable  that,  although  NaCNS  is  the  least  effective  in  accelerat- 
ing the  rhythm,  it  is  the  most  effective  in  causing  standstill ;  i.e.,  the 
order  of  relative  toxic  action  of  these  salts  is  the  reverse  of  the  order  of 
effectiveness  in  increasing  the  rhythm  (with  the  apparent  exception  of 
NaoSOi,  which  differs  from  the  others  in  being  a  calcium-precipitating 
salt).  The  same  order  of  relative  toxicity  is  also  found  with  ciliary 
movement,  another  form  of  automatic  rhythmic  activity  (Lillic,  1906, 
1909;  Hober,  1909).  with  spermatozoa  and  eggs  (Gellhorn,  1927  a  and 
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FIG.  1.  Relative  effectiveness  of  the  neutral  sodium  salts  in  increasing  the 
rate.  Ordinate :  percentage  of  increase  in  rate.  Abscissa  :  time  in  minutes. 

b),  and  with  many  other  cells  and  tissues  (Hober,  1926).  In  general, 
therefore,  the  order  of  toxicity  of  the  series  of  Na-salts  on  Limulus 
nerve  agrees  very  well  with  that  observed  in  other  tissues,  as  well  as  with 
the  order  of  relative  action  on  colloidal  systems. 

(b)  The  same  order  of  relative  toxicity  is  also  shown  when  the 
NaCl  in  Ringer's  solution  is  replaced  by  equivalent  amounts  of  the  other 
Na-salts.  In  such  a  modified  Ringer's  solution  the  ganglion  shows  a  de- 
cline in  activitv,  which  is  well  marked  at  the  end  of  ten  minutes  or  sooner 
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and  varies  with  the  nature  of  the  substituting  salt.  In  Table  II  the 
effects  observed  in  a  typical  series  are  summari/ed. 

All  the  Xa-salts.  except  Xa,SO4,  on  replacing  XaCl  in  "Ringer's 
solution,  decrease  both  rate  and  amplitude,  and  the  order  of  relative 
effectiveness  again  follows  the  Hofmeister  series.  Xa.,SO4  alone  in- 
creases the  rate,  apparently  because  of  its  calcium-precipitating  property. 
Calcium  sulphate  was  actually  seen  to  be  precipitated  in  the  solution. 
This  decrease  in  calcium  would  naturally  remove  part  of  its  antagonistic 
effect  and  increase  the  rate  (see  below). 

In  the  frog's  heart  the  replacement  of  XaCl  in  Kinger's  solution  by 
other  Xa-salts  gives  a  similar  series,  but  the  order  of  relative  action  is 
reversed.  While  Xa-salts  of  CXS.  I.  Hr,  and  X(  >  increase  the  ampli- 
tude, frequency,  and  pulse  volume.  Xa_.SO,  decreases  them  (  I  landovsky, 

TABLE  II 


Changes  in  rntc  and  amplitude  on  rcphiciiuj  XaCl  in  Khiiicr's  su/iiticn  !<y  ctlicr 
\a-salts.  Numbers  give  the  percentage  change  of  rate  for  10  minutes  as  com- 
pared with  normal  rate  in  Ringer's  solution. 


Percentage 

Cll.mu'1   <  '1 

rate 

Amplitude 

Na  SO4 

+30 

gradually  decreasing,  about    '/3  normal  at 

Xal'.r 

-18 

end  of  10  minutes 
slight  decrease  but  regular 

NaNOj 

-34 

more  decrease  and  less  regular 

Nal 

-37 

rapid  decrease  and  irregular 

NaCNS  

-46 

decrease  more  rapid  and  more  irregular 

1923)  (Sakai,  1914).  On  the  theory  that,  the  quantitative  differences 
in  the  physiological  effects  of  the  Xa-salts  are  to  be  referred  to  their 
differences  of  action  on  the  colloidal  structures  of  tin-  living  tissue 
(llober,  l'>26),  it  would  appear  that  the  colloidal  structure's  directly 
affected  by  the  salts  differ  in  the  Liiinilus  nerve  and  in  the  vertebrate 
In-art  in  Mich  a  way  that  the  orders  of  relative  action  are  opposed.  Dif- 
ferences of  this  kind  are  not  uncommon  in  living  tissues  (  see  below). 

(c)  The  same  series  is  also  shown  in  IJnntlits  nerve  when  we  com- 
pare the  relative  effectiveness  , ,  f  the  salts  in  initiating  new  rhythm  after 
immersing  tin-  ganglion  for  varving  lengths  of  time  in  solutions  of 
CaCl  .  K<  1.  non-electrolyte,  or  in  other  unbalanced  media  which  abolish 
the  rhythm.  To  produce  this  effect  isotonic  ('a('l.  was  found  to  be  the 
Mvcnient  solution,  since  this  salt  is  less  toxic  than  KC1  and  i^ 
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more  rapid  in  its  effect  than  a  non-electrolyte,  such  as  sugar.  When  a 
nerve  is  transferred  from  Ringer's  solution  to  pure  isotonic  CaCl.,,  the 
rhythm  ceases  in  about  one  minute.  If  the  nerve  be  then  transferred  to 
a  Na-salt  solution,  new  rhythm  is  initiated  sooner  or  later,  the  interval 
depending  upon  the  time  of  immersion  in  CaCl,  and  the  nature  of  the 
Na-salt.  The  results  of  a  typical  series  of  such  experiments  are  seen  in 
Table  III,  in  which  are  given  the  intervals  required  for  the  reappearance 
of  the  rhythm  in  the  isotonic  solutions  of  the  various  Na-salts  after  in- 
hibiting the  ganglion  by  immersion  in  isotonic  CaCl.,  for  one  to  three 
minutes. 

The  relative  effectiveness  in  initiating  new  rhythm  follows  the  order 

Na,SO4  ;  >  NaCl  ;  >  NaNO,  >  NaBr  >  Nal  >  NaCNS. 

TABLE  III 

Intervals  after  which  new  rhythm  appears  in  isotonic  solutions  of  neutral  Na- 
salts  after  inhibition  by  immersion  in  isotonic  CaCl.  for  varying  lengths  of  time. 


Duration  of  CaCU  treatment 


1  minute 

2  minutes 

3  minutes 

sea  water  .  .  . 
Na-SO4 

immediate  recovery 
less  than  50  sec 

NaCl  

less  than  30  sec. 

after  55  sec 

NaXOs  
NaBr    .  .  . 

after  35  sec. 
end  of  4th  mm 

after  2  min.  and  15  sec. 
after  3  min 

Nal 

35-60  sec 

no  recovery  in  5  min 

NaCNS  

end  of  5th  min. 

no  recovery  in  5  min. 

A  balanced  solution  like  sea  water  is  more  effective  than  any  pure  Na- 
salt  solution.1 

(d)  It  was  shown  by  Schwarz  (1907)  and  later  by  Gellhorn  (1932, 
a  and  £>)  that  if  a  frog's  skeletal  muscle  be  fatigued  to  loss  of  irritability 
by  repeated  stimulation  while  immersed  in  a  solution  of  a  given  Na-salt 
(diluted  with  isotonic  sucrose  or  Ringer's  solution),  it  will  recover 
irritability  when  transferred  to  pure  solutions  of  certain  other  salts  but 
not  in  all,  the  possibility  of  recovery  depending  upon  the  position  of  the 
salt  in  the  Hofmeister  series.  If,  for  example,  a  muscle  be  fatigued  in 

1  For  restoring  the  rhythm  in  the  frog's  heart  after  standstill  in  isotonic  sugar 
solution,  Gellhorn  (1932a)  found  NaCNS  to  be  the  most  effective  salt,  the  other 
Na-salts  showing  the  lyotropic  order  of  relative  effectiveness  but  in  the  reverse 
order  to  that  found  in  Liinnlits  nerve. 
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XaXCX,  it  will  recover  in  a  solution  of  any  salt  on  tin-  right  of  XaXCX 
in  the  series 

Xa,SO4,  XaCl.  XaXO,.  XaP.r.   Xal.  XaCXS 

hut  not  in  solutions  of  the  salts  on  the  left. 

Similarly,  when  the  rhythmic  activity  of  a  Liinnlus  ganglion  ha> 
reased  in  a  given  pure  Xa-salt  solution,  new  rhythm  may.  or  may  not, 
he  restored  on  transfer  to  another  Xa-salt  solution,  according  to  the 
effecti veness  of  the  salt  in  initiating  new  rhythm  as  found  above.  When 
the  rhythmic  nervous  discharge  has  stopped  in  Xal  solution,  for  example, 
new  rhythm  is  initiated  by  XaBr  or  any  other  salt  on  the  left  of  Xal  in 
tin-  above  series,  but  not  by  NaCXS.  It"  the  rhythm  is  stopped  in 
XaCXS  solution,  new  rhythm  is  initiated  by  Xal  and  all  the  other  salts. 
\Yhen  the  rhythm  is  stopped  by  NaXTO:;,  however,  only  X"aCl  and 
Xa_.S(),  can  initiate  the  new  rhythm.  This  kind  of  experiment  is  best 
performed  by  abolishing  the  rhythm  with  NaCXS  and  Xal  and  then 
observing  the  recovery  in  the  other  salt  solutions.  For  the  other  salts 
the  rhythm  is  abolished  only  after  a  long  time,  and  by  this  time  the 
nerve  is  usually  in  bad  condition.  In  such  cases  it  is  difficult  to  repeat 
the  process  of  inhibition  and  recovery  on  the  same  nerve;  lor  this  reason 
the  whole  series  has  not  been  systematically  investigated.  The  experi- 
ments so  far  performed  have,  however,  shown  uniformlv  that  when  a 
nerve  has  lost  its  rhythmic  activity  in  a  given  salt  solution,  no  recovery 
occurs  in  any  other  solution  that  is  less  effective  than  itself  in  initiating 
new  rhythm.  Here  again  the  order  of  relative  activity  is  the  reverse  of 
that  found  in  the  vertebrate  tissue;  some  difference  in  the  electrical  prop- 
erties  of  the  structural  colloids  in  the  two  cases  is  indicated. 

In  general  we  conclude  that  the  effect  of  all  pure  Xa-salt  solutions  on 
the  activity  of  the  ganglion  is  twofold:  (  1  )  a  .stimulating  effect  shown 
in  the  initiation  of  new  rhythm  and  acceleration  of  the  normal  rhythm, 
and  (2)  a  toxic  effect  shown  in  the  decrease  of  amplitude  of  contraction 
and  eventual  standstill.  The  initiation  and  maintenance  of  rhythm  art' 
an  important  function  of  the-  Xa-salts;  no  other  salts,  except  Li-salts 
(see  below),  nor  non-electrolytes  ran  initiate  new  rhythm.  Similarly, 
XaC'l  is  a  stimulating  agent  for  the  vertebrate  heart  in  general  (  Lingle. 
I'tM)).  fur  many  invertebrate  hearts  and  for  the  frog's  lymph  heart 
(Moore,  1('()1).  It  also  can  produce  rhythmical  stimulation  in  verte- 
brate muscle  (  Loeb.  1S()(M  ;ind  nerve  (  Mathews.  l'K)4),  and  it  is  equally 
important  in  the  maintenance  of  the  irritability  of  these  tissues  (Over- 

ton,  I'xu.  1904). 
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This  salt  is  not  included  in  the  series  oi  neutral  sodium  salts  since 
its  solution  has  an  alkaline  reaction.  In  pure  isotonic  solution  it  has  a 
pronounced  stimulating  effect  on  the  nerve,  increasing  the  rate  several 
times  in  a  few  minutes;  its  efficiency  in  this  respect  is  intermediate  be- 
tween  that  of  Na,SO,  and  that  of  NaCl.  It  differs  from  the  other  Na- 
salts  in  that  it  rapidly  decreases  the  intensity  of  nervous  discharge,  the 
amplitude  of  contraction  heing  only  ahout  one-seventh  of  the  normal  at 
the  end  of  the  third  minute ;  recovery  also  is  slow  and  incomplete,  indi- 
cating the  infliction  of  some  permanent  injury  upon  the  nerve. 

Calcium-precipitating  Sodium  Salts 

In  general,  all  the  calcium-precipitating  salts  (sulphate,  fluoride, 
tartrate,  and  citrate)  show  the  same  type  of  influence  on  the  Linnilus 


FIG.  2.     Between  the  arrows,  sea  water  was  replaced  by  isotonic  Na^SOi  for 
three  minutes.     All  figures  read  from  left  to  right. 


FIG.  3.      (a)    Between  the  arrows,  Ringer's  solution  was   replaced  by  isotonic 
sodium  tartrate  for  two  minutes. 

(b)   After  43  minutes  in  Ringer's  solution. 

nerve;  all  produce  at  first  a  rapid  rhythmical  discharge,  shown  by 
irregular  contractions  and  tetanus  in  the  muscle,  followed  by  cessation 
and  muscular  relaxation  within  one  or  two  minutes.  The  stimulating 
effectiveness,  as  shown  by  the  rapidity  of  the  initial  rhythm  and  the 
completeness  of  the  tetanus,  is  greatest  with  citrate  and  least  with 
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sulphate;  tartrate  and  fluoride  arc  intermediate.  The  depressant  or 
toxic  effect,  as  measured  by  the  time  required  for  recovery  in  Ringer's 
solution,  is  greatest  with  tartrate;  then  come  (in  the  order)  fluoride, 
citrate,  and  sulphate  (see  Figs.  2.  3.  4,  and  5).- 

I.ithiitni  Chloride 

In  general  Lit.'l  has  an  action  similar  to  that  of  XaC'l.  but  is  de- 
cidedlv  more  toxic.  The  initial  increase  in  rhvthm  is  much  greater  and 
is  followed  in  a  few  second--  by  irregularity.  On  returning  the  gan- 
glion to  Ringer'-  solution  recovery  is  very  slow,  requiring  hall  an  hour 


Fir,.  4.     Between  the  arrows.  Ringer's  solution  was  replaced  by  isotonic  sodium 
citrate  for  one  minute. 


Fn..  5.      I  let  ween  the  arrows,  Ringer's  solution  \\HS  replaced  by   isotonic  XaF 

lor  <  me  minute. 

or  more  to  re-ton-  the  normal  rhythm.  LiC'l  can  also  initiate  new 
rhythm  but  is  far  less  effective  than  XaCl  ;  typically,  after  treating  the 
ganglion  with  CaCL  for  three  minutes.  XaC'l  can  initiate'  new  rhythm 
in  one  minute,  while  LiC'l  requires  at  least  three  minutes.  \Yhen  a 
nerve  that  has  failed  to  recover  after  three  minutes  in  LiC'l  is  trans- 
ferred into  XaC'l.  new  rhvthm  starts  immediately.  Like  the  other 
neutral  sodium  salts,  LiC'l  can  not  replace  XaC'l  in  Ringer's  solution 
without  harmful  effect. 

•    stimulating  action  of  this  group  of  calcium-precipitating  salts  is 
in  frog's  nerve  (  Matlu-\\s.  ln(>4)   and  in  skeletal  muscles  of  various  kinds 
iS). 
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Carlson  (1906(/)  found  that  when  the  ganglion  is  immersed  in  pure 
isotonic  KC1  there  is  an  immediate  increase  in  the  height  of  the  first  one 
or  two  contractions;  this  is  followed  by  a  feeble  but  rapid  rhythm  and 
standstill  in  a  minute  or  less.  A  primary  stimulating  effect  and  an 
inhibitory  effect  of  KC1  are  thus  distinguishable.  The  stimulating  effect 
is  particularly  evident  when  KC1  is  present  in  high  concentration  in 
Ringer's  solution.  Inhibition  by  KC1  is  perfectly  reversible  if  the  nerve 
is  not  subjected  to  its  action  too  long.  Recovery  in  normal  Ringer'> 
solution,  however,  is  always  slower  than  after  Ca-inhibition,  and  a  rapid 
rhythm  always  appears  at  the  beginning  of  the  recovery. 

Salts  of  Alkali  Earth  Metals 

Of  the  commonly  used  salts  of  the  alkali  earth  metal  group,  chlorides 
of  Ca,  Mg,  and  Sr  have  similar  action  with  certain  differences  of  degree. 
I 'ure  isotonic  BaCl._,,  however,  as  first  shown  on  skeletal  muscle  by  Loeb 
(1899),  on  vertebrate  nerve  by  Mathews  (1904)  and  on  the  muscle  and 
nerve  of  the  Linntliis  heart  by  Carlson  (1906rf),  has  an  intense  primary 
stimulating  effect,  somewhat  like  that  of  KC1.  producing  a  rapid  initial 

TABLE  TV 

Average  change  in  rate  for  5  minutes  (expressed  as  percentages  of  the  original 
rate  in  Ringer's  solution)  following  the  addition  of  varying  amounts  of  CaCK, 
MgCl2,  and  SrCl.  to  Ca-free  Ringer's  solution. 


Vols.  of  isotonic  alkali  earth  salt  solutions  added  to  100  vols. 
isotonic  NaCl  and  2  vols.  KC1 

0 

5 

15 

30 

50 

MgCl-  . 

+82 

+41 
+22 
+  17 

+32 
0 
-12 

+  3 
-11 
-21 

-14 

-25 
-31 

CaCU 

SrCU 

rhythm  followed  by  rapid  inhibition.  When  the  CaCl._,  in  Ringer's  solu- 
tion is  replaced  by  an  equal  amount  of  Bad,,  the  rhythm  is  increased 
in  rate  and  becomes  irregular.3 

Chlorides  of  Ca,  Mg,  and  Sr  in  pure  isotonic  solutions  decrease  both 
the  rate  and  the  intensity  of  the  nervous  discharge,  without  any  indica- 
tion of  a  primary  stimulation,  and  arrest  the  rhythm  in  a  few  minutes. 
The  order  of  relative  effectiveness  in  arresting  the  rhythm  is 

Ca  >  Mg  >  Sr. 

3  A1CU  has  a  similar  action,  causing  rapid  initial  rhythm  and  rapid  inhibition. 
Solutions  of  AlClr,  have,  however,  an  acid  reaction. 
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Typically,  in  experiments  on  the  same  nerve.  C'a  arrests  the  rhythm  in 
about  one  minute,  Mg  in  about  two  minutes,  and  Sr  within  three  minutes. 
When  the  salts  are  added  in  varying  quantities  to  Ringer's  solution  sur- 
rounding the  ganglion  a  retardation  of  rhythm  is  also  seen,  but  the  order 
of  relative  effectiveness  is  different.  Table  IV  gives  the  percentage 
change  in  rate  of  one  nerve  during  five  minutes  when  the  ganglion  is 
placed  in  Ca-free  Ringer's  solution  ( i.e..  a  mixture  of  100  vols.  0.52  M 
XaC'l  plus  2  vols.  0.52  M  K('l)  to  which  varying  proportions  of  the 


-10 


-40 


0 


10 


FlG.  o.  ("omparison  of  varying  amounts  of  Ms^Cl.,  CaCl...  and  SrCl.  in 
Ringer's  solution.  <  (nlmate  :  avrragi-  pcncnta.uc  of  change  in  rate  for  five  minutes. 
Ahscissa:  volumes  ni  isotonic  solutions  of  the  alkali  earth  salts  added  \,,  Kill  vols. 
NaCl  and  _'  vols.  KC1. 

three    .salts   are   added,   as   compared    with    the    control    rate    in    normal 
Ringer's  solution. 

The  calculations  on  the  average  percentage  change  in  rate  were  made 
as  lollows.  When  the  nerve  was  immersed  in  a  solution  of  100  vols. 
XaCl  plus  2  vols.  isotonic  KC'l.  the  rhythm  increased  from  17 
per  minute  in  Ringer's  solution  to  23.  31.  32.  33,  3n  in  the  suc- 
cessive minutes.  The  average-  increase  in  rate  for  the  five  minutes  was 
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from  17  to  31,  or  an  increase  of  82  per  cent.     All  the  calculations  for 
percentage  change  in  rate  were  made  in  the  same  way. 

It  is  evident  from  Table  IV  and  Fig.  6  that  the  relative  effectiveness 
of  the  three  cations  in  decreasing  the  rate  under  these  conditions  follows 
the  order 

Sr  >  Ca  >  Mg. 

Kisch  (1927b)  found  the  same  series  in  a  study  of  the  influence  of  these 
salts  on  the  frequency  of  the  vertebrate  heart. 

It  might  be  expected  that  for  each  of  the  three  salts  a  certain  con- 
centration could  be  found  at  which  the  normal  rhythm  would  be  main- 
tained as  in  Ringer's  solution.  According  to  the  curves  of  Fig.  6,  about 
thirty  volumes  of  MgCL,  or  ten  volumes  of  SrCL,  should  have  the  same 
effect  as  the  15  volumes  of  CaCL.  This  is,  however,  not  exactly  the 
case.  For  example,  in  the  mixture  of  30  vols.  MgCL,  100  vols.  NaCl, 
and  2  vols.  KC1  there  was  actually  a  slight  increase  in  rate  for  the  first 
two  minutes,  followed  by  a  continuous  gradual  decrease  to  a  value  be- 
low normal.  Evidently  MgCL  by  itself  is  unable  to  make  a  balanced 
solution  with  NaCl  and  KC1  in  spite  of  the  fact  that  magnesium  is  nor- 
mally more  concentrated  in  sea  water  than  calcium.  If  MgCL  is  used 
together  with  CaCL  in  the  normal  proportion  of  sea  water  (Mg/Ca  ca. 
3),  the  normal  rhythm  is  maintained  quite  well.  This  inability  of  MgCL 
to  replace  CaCL  in  Ringer's  solution  was  also  observed  by  Kisch  (1929) 
and  by  Goljachowski  (1932),  using  the  vertebrate  heart.  In  the  Liimi- 
lus  ganglion  SrCL  was  more  favorable  than  MgCL  as  a  substitute  for 
CaCL  in  Ringer's  solution  ;  yet  even  under  the  best  conditions  a  gradual 
decrease  in  rate  was  also  found.  Apparently  neither  MgCL  nor  SrCL 
can  completely  replace  CaCL  in  Ringer's  solution. 

SPECIFIC  ROLES  OF  NACL,  CACL.,,  AND  KCL  IN  RINGER'S 
SOLUTION  AND  THEIR  ANTAGONISM 

As  we  have  seen,  NaCl  appears  necessary  for  the  maintenance  of 
the  ganglionic  rhythm ;  but  in  pure  isotonic  solution  of  this  salt  the 
rhythm  is  rapid  and  irregular  and  cannot  be  long  maintained.  When 
to  this  solution  CaCL  alone  is  added  to  a  concentration  equal  to  that 
present  in  normal  Ringer's  solution,  the  rhythm  becomes  regular  and  is 
greatly  reduced  in  rate,  although  still  remaining  above  normal,  while  the 
amplitude  of  the  contraction  is  increased  somewhat.  But  even  so  the 
normal  rhythm  cannot  be  maintained,  and  the  amplitude  gradually  de- 
creases. It  is  only  after  the  addition  of  the  normal  content  of  KC1  in 
Ringer's  solution  that  the  medium  becomes  capable  of  maintaining  the 
normal  rhythm  for  a  long  time  (see  Fig.  7).  A  nerve  can  be  kept  in 
good  condition  for  more  than  six  hours  in  this  balanced  solution  with 
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7.      KftYct  <if  transk-rriiiL:  a  Lian-linn  fnun   Kilmer's  s 
(  a  )    'I'u  pure  isntiink-  XaCl  at  1  fur  tun  minutes,  then  to  a  mixture  of  100  vols. 
"I  vols.  OiCl    at  _'. 

later.  In  a   mixture   i.f    100   vols.    XaCl   plus  30  vols.   CaCl. 
and  4  vols.  Kc'l  at  .\  ^Imuinu  tin-  potassium-paradox. 

N'nif  minuti  ^  l.itrr,  l>a<k    tu   l\in,i;iT's  solution  aKain  at  4. 
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only  a  very  gradual  decrease  in  the  rate  and  amplitude  of  the  heart  beat. 
It  seems,  therefore,  that  although  CaCl.,  antagonizes  part  of  the  toxic 
effect  of  pure  NaCl  the  antagonism  is  by  no  means  complete.  Appar- 
ently the  remaining  part  of  the  total  effect  of  the  NaCl  is  antagonized  by 
KC1.  Whether  or  not  KC1  antagonizes  CaCl,  in  normal  Ringer's  solu- 
tion then  becomes  a  question.  It  will,  however,  be  shown  below  that 
there  is  no  definite  antagonism  between  K  and  Ca  at  their  normal  con- 
centration in  Ringer's  solution.  Working  with  marine  organisms, 
Rubinstein  (1926,  1927)  has  come  to  a  similar  conclusion;  namely,  that 
NaCl  has  two  different  toxic  actions,  one  antagonized  by  K  and  the  other 
antagonized  by  Ca,  and  that  in  the  ordinary  balanced  solution  there  is  no 
antagonism  between  K  and  Ca. 

A  striking  phenomenon  is  observed  when  a  nerve  is  transferred  from 
the  solution  containing  only  NaCl  and  CaCl,  to  the  normal  Ringer's  solu- 
tion containing  also  KC1.  Instead  of  returning  to  its  normal  rhythm  at 
once,  either  the  rate  or  the  amplitude  (or  both)  is  still  further  de- 
creased, or  in  some  cases  the  rhythm  may  cease  altogether,  and  then 
after  an  interval  return  gradually  to  normal.  This  peculiar  phenomenon 
has  been  described  in  the  case  of  the  frog's  heart  by  Libbrecht  (1920, 
1921)  and  is  called  by  him  the  potassium-paradox.  It  is  obtained  when 
the  potassium- free  per  fusion  fluid  is  exchanged  for  normal  Ringer's 
solution,  and  is  believed  to  be  purely  a  potassium  effect.  Working  on 
the  rabbit,  Busquet  (1922,  a  and  />)  came  to  the  opinion  that  the  po- 
tassium-paradox is  not  a  direct  potassium  effect  but  is  connected  with 
vagus  stimulation.  This  idea  has  been  refuted  by  Kisch  (1927a).  The 
production  of  potassium-paradox  on  the  L'unulns  nerve  also  shows  its 
independence  of  vagus  action.  The  work  on  the  vertebrate  heart  has 
shown  that  the  effect  depends  on  several  factors:  (o)  on  the  difference 
in  the  potassium  content  of  the  two  solutions  (Libbrecht,  192U  (Wit- 
anowski,  1926),  (b)  on  the  duration  of  the  perfusion  with  the  K-free 
or  K-poor  solution  (Kisch,  1927a),  and  (r)  on  the  presence  of  a  cer- 
tain proportion  of  Ca  (Kisch,  1927(7).  In  general,  the  conditions  are 
similar  in  the  Limulns  ganglion.  The  same  type  of  potassium-paradox 
effect  is  obtained  not  only  on  changing  from  a  K-free  solution  to  Ring- 
er's solution  but  also  on  changing  from  Ringer's  solution  to  a  solution  of 
higher  K-content.  It  is  more  readily  obtained  after  a  prolonged  ex- 
posure to  the  K-free  solution,  or  after  repeated  immersion  in  it.  It  is 
not  obtained  on  changing  from  a  pure  isotonic  sucrose  solution  to  a  su- 
crose solution  containing  KC1  in  its  normal  concentration  in  Ringer's 
solution,  indicating  that  the  presence  of  some  other  electrolytes  is  neces- 
sary. The  exact  conditions  under  which  the  K-paradox  can  be  pro- 
duced in  the  Liuiulits  nerve  have  not  been  worked  out  in  detail.  It  is 
interesting  to  note  that  Kisch  (1930)  "has  also  found  a  similar  phe- 
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TABLE  \' 

Average  change  in  rate  for  5  minutes   (in  percentage  of  control  rate)   on  ad- 
dition of  XaCl  to  2  vols.  KC1  plus  15  vols.  CaCl... 


Vols.  NaCI  added 

200 

150 

100 

50 

10 

0 

Per  cent  rate  change  

+96 

+30 

0 

-8 

-27 

-36* 

*  Average  rate  for  the  last  two  minutes  of  rhythm  ( beat  becomes  inappreciable 
in  five  minutes). 

nomcnon  with  C'a  and  Sr  (Ca-  and  Sr-paradox).  The  general  nature 
nt"  tin-  paradox  surest s  that  the  del'iciency  of  a  certain  ion  (e.g.  K-ion) 
produces  a  change  in  the  tissue  of  such  a  kind  that  the  subsequent  ad- 
dition of  a  small  amount  of  the  ion  gives  rise  to  its  specific  effect  in  an 
exaggerated  form. 


+  100 


tZO 


-10 


0  50  tOO  150  ZOO 

I;n..  X.     Kt'tYi  t  of  varying  the  amount  of  XaCl  in  Ringer's  solution.     Ordinate  : 
"f  i-haime  in  rate   fur   15  minutes.     Abscissa  :   vols.  of  isotonic 
add..!  to  15  vols.  CaCla  and  2  vols.  KC1. 

The.   specific   roles   of    the   three   salts    in    Ringer's   solution   can   be 
studied  by  varying  the  coin-nitration  of  rach  of  them  separately. 
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Effect  of  I  'aryiiKj  the  NaCl  Content  of  Ringer's  Solution 

The  normal  Ringer's  solution  for  Limulus  heart  contains  100  vols. 
0.52  M  NaCl,  15  vols.  0.29  M  CaCl,,  and  2  vols.  0.52  M  KCl.  If,  keep- 
ing constant  this  ratio  of  CaCL  and  KC1,  one  increases  the  relative  con- 
centration of  NaCl,  a  rapid  rate  and  some  irregularity  appear,  character- 
istic of  the  action  of  unbalanced  NaCl.  When  NaCl  is  present  in  a 
smaller  ratio  than  100  vols.,  the  rhythm  is  retarded,  showing  the  effect 
of  excess  of  Ca  and  K.  Tahle  V  and  Fig.  8  show  the  effect  of  varying 
the  relative  concentration  of  NaCl  in  Ringer's  solution. 

Effect  of  }rar\ing  the  CaCL,  Content  of  Ringer's  Solution 
In  general,  increase  in  the  proportion  of  Ca  in  Ringer's  solution  de- 
creases the  rate  of  beat.     Table  VI  gives  the  average  results  of  three 
experiments. 

The  curves  in  Fig.  9  show  the  antagonism  between  NaCl  and  CaCL 
beyond  any  doubt.  As  regards  NaCl  and  CaCL,  it  is  found  that  when 
the  ratio  of  Ca:  Na  is  less  than  0.28  the  rate  is  increased,  indicating  the 
predominance  in  the  action  of  NaCl.  When  the  ratio  is  greater  than 
0.28  the  rate  is  decreased,  showing  a  predominance  of  CaCl,.  No  mix- 
ture containing  only  NaCl  and  CaCL,  can  maintain  the  normal  rhythm 

TABLE  VI 

Percentage  of  change  in  rate  for  5  minutes  on  addition  of  CaCL  (1)  to  100  vols. 
NaCl  and  (2)  to  100  vols.  NaCl  plus  2  vols.  KC1. 


Vols.  CaCh 
added 

(1)  to  100  vols. 
NaCl 

(2)  to  100  vols.  NaCl 
and  2  vols.  KC1 

(1)   -  (2) 

0 

+  123 

+  92 

31 

15 

+  27 

0 

27 

30 

-     5 

-25 

20 

50 

-   30 

-46 

16 

for  long;  a  certain  amount  of  KC1  is  indispensable.  This  is  also  shown 
by  the  lower  curve  in  Fig.  9,  giving  the  effect  of  the  addition  of  CaCL 
to  a  mixture  of  100  vols.  NaCl  and  2  vols.  KC1.  W'hen  the  proportion 
of  CaCL  is  less  than  15  vols.  the  rate  is  increased;  with  more  than  15 
vols.  it  is  decreased.  The  parallel  course  of  the  two  curves  is  remark- 
able, showing  a  nearly  constant  influence  of  the  KC1.  There  is  no  indi- 
cation of  any  direct  antagonism  between  Ca  and  K.  Each  of  these 
cations  appears  to  antagonize  its  own  fraction  of  the  toxic  effect  of  pure 
NaCl,  quite  independently  of  the  other. 

Effect  of  Varying  the  KCl  Content  of  Ringer's  Solution 
As  mentioned  above,  in  a  solution  containing  2  vols.  0.52  M  KCl 
plus  100  vols.  0.52  M  NaCl  the  rate  is  slower  than  in  pure  NaCl.     If 
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more  KC1  is  added,  the  rate  begins  to  increase  again  (upper  curve,  Fig. 
10).  A  curve  of  similar  shape  is  obtained  on  the  addition  of  KC1  to  a 
mixture  of  100  vols.  XaCl  and  15  vols.  CaCl.,  (lower  curve.  Fig.  10). 
Changing  the  KC1  content  of  Ringer's  solution  in  either  direction  (  above 
or  below  the  normal  concentration  of  K)  alwaxs  results  in  an  increase  of 
rate.  When  the-  KC1  content  is  decreased  below  normal,  the  rapid  rate 
is  due  to  the  excess  of  XaCl  ;  when  the  KC1  is  increased  above  normal, 
the  acceleration  results  from  the  direct  stimulating  action  of  the  K-ions. 
Accordingly  we  found  that  the  toxic  effect  of  the  pure  XaCl  solution  can 
be  partly  antagoni/.ed  by  the  addition  of  2  vols.  KC1  to  100  vols  XaCl; 


+110   r— 


-40  — 


50 


I-"K..  '>.  KlYcrt  df  CaCl..  Onlinatc:  a\erai;e  percentage  of  change  in  rate  for 
^  minutes.  Aliscissa  :  vols.  of  CaCl..  added  (1)  to  100  vols.  XaC'l  (upper  cur\t •) 
and  i  J  )  to  100  vols.  XaCl  phis  _'  vols.  Kl'l  (lower  curve). 

while   it"   more    \\('\    is   added    its   own    stimulating    effect    is    manifested. 

The  effects  are  '"oiind  in  the  presence  of  tin-  normal  amount  of  CaCl,  in 

kinder'.-   solution,  indicating  again  the-  independent   antagonistic  actions 

n'l   K  in  relation  to  XaCl   (lower  curve.   Kig.  10).     The  differ- 

of  rate  corresponding  to  the  points  on  the  two  curves  are  seen  in 

column   four  nf  Table  VII.  showing  the  nearly  constant  effect  of  addi- 

1  a<  1    to  each  d"  the  solutions  in  column  three  (i.e.,  the 
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addition  of  a  definite  quantity  of  KCl  lias  the  same  influence  on  the 
rhythm,  whether  it  is  added  to  the  pure  NaCl  or  to  the  Ca-containing 
XaCl  solution). 


720 


FIG.  10.  Effect  of  KC1.  Ordinate :  average  percentage  of  change  in  rate  for 
5  minutes.  Abscissa:  vols.  KC1  added  (1)  to  100  vols.  NaCl  (upper  curve)  and 
(2)  to  100  vols.  NaCl  plus  15  vols.  CaCl,  (lower  curve). 

Effect  of  Varying  KCl  and  CaCl.2  Together 

Since  an  excess  of  KCl  in  Ringer's  solution  increases  the  rate  and 
an  excess  of  CaCl.,  decreases  it,  when  both  salts  are  present  in  excess 
we  should  expect  to  find  typical  antagonism.  This  may  be  tested  ex- 

TABLE  VII 

Percentage  of  change  in  rate  for  5  minutes  on  addition  of  KCl  (1)  to  100  vols. 
NaCl  and  (2)  to  100  vols.  NaCl  plus  15  vols.  CaCl,,.  Observations  made  on  dif- 
ferent nerves. 


Vols.  KCl 
added 

(1)  to  100  vols. 
NaCl 

(2)  to  100  vols.  NaCl 
and  15  vols.  CaClj 

(1)   -  (2) 

0 

110 

38 

72 

1 

68* 

10 

58 

2 

57 

0 

57 

4 

63 

9 

54 

6 

69 

18* 

51 

8 

86 

31 

55 

*  Found  from  the  curves  in  Fig.  10. 

perimentally  by  adding  a  certain   definite  excess  of   KCl   to   Ringer's 
solution ;  varying  additions  of  CaCl.,  are  then  made  to  this  solution  and 
the  resulting  changes  in  rate  during  the  first  five  minutes  are  deter- 
29 
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mined.  \\'hen  the  action  of  K  overbalances  that  of  Ca  the  rate  in- 
crea^es ;  when  the  Ca  effect  predominates  the  rate  decreases.  Table 
VI 1 1  shows  the  results  of  a  series  of  such  experiments  obtained  on 
three  nerves. 

TABU-:  VIII 

Average   percentage   change    in   rate   for   5   minutes   on   addition   of   CaCb   to 
Ringer's  solution  containing  varying  additions  of  KC1. 


Vols.  KC1 

Vols.  CaCh  added  to  100  vols.  Rinser 

-i,l,  ),.,!    To    UK) 

,  i<  i  '  t  *  '  J    it_i    i  *nj 

vols.  Ringer 

0 

10 

20 

30 

40 

50 

60 

70 

80 

3 

+22 

-   2 

-16 

6 

+38 

+  15 

+   2 

-8 

-16 

9 

+  18 

+5 

-   5 

-11 

12 

+  10 

0 

-   9 

18 

+  14 

+4 

-4 

If  the  average  changes  in  rate  are  plotted  against  the  addition  of 
CaCL.  a  characteristic  group  of   curves   is   obtained    (  Kig.    11).     For 
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I-'n,.   11.     Kffect  of  addition  of   KC1  and  Cad,  together.     Ordinate  :   average 

tage  ui  change  in  rate  for  5  minutes.  Abscissa:   vols.  Cad...  added  to   (1) 

3  vols.,   (2)   i.  vols.,   (3)   (>  voU..   (4)    12  v.ls.  and   (5)    18  vols.  KC1  plus  100  vols. 

Kinder'-, 


every  concentration  of  KM  there  should  be  a  corn-sponding  concentra- 

tion ot    (  ;i(  1     ;it   which  the  two  salts  will   more  or  less  completely  an- 

tauoni/e    each    other,    i.e.    at    the    intersections    of    the   curves    with    the 

1'or  example,  in  a  mixture  of  3  vols.   KX  1  solution  with   100 
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vols.  Ringer's  solution,  about  9  vols.  CaCl.,  should  be  added  to  antago- 
nize the  excess  of  KC1 ;  with  an  addition  of  6  vols.  KC1,  21  vols.  CaCL 
should  be  required,  and  so  on  as  represented  in  Table  IX. 

The  Ca/K  ratios  in  this  table  are  obtained  directly  from  the  curves 
in  Fig.  11.  In  general  the  ratio  seems  to  increase  as  the  absolute 
amounts  of  Ca  and  K  become  higher.  If,  however,  the  Ca  'K  ratio  is 
calculated  on  the  basis  of  their  total  concentration  in  Ringer's  solution 
(by  adding  approximately  2  vols.  to  the  added  excess  of  KC1  and  15 
vols.  to  that  of  CaCL)  the  ratio  becomes  very  nearly  constant,  the  aver- 
age being  about  4.6.  This  indicates  that  Ca  and  K  antagonize  each 
other  most  completely  at  a  definite  ratio  of  4.6,  when  they  are  present  in 
excess  in  Ringer's  solution.  The  minimal  amounts  of  15  vols.  CaCl.2 
and  2  vols.  KC1  are  those  required  to  antagonize  the  toxic  effect  of  100 
vols.  NaCl.  Apparently  only  the  excess  of  K  is  directly  antagonized  by 

TABLE  IX 
Vols.  Cad;.,  and  KC1  solutions  necessary  for  complete  antagonism  of  each  other. 


(1)  added  to  100  vols.  Ringer 

(2)  added  to  100  vols.  NaCl 

CaCh 

KC1 

CaCh  :  KC1 

CaCh 

KCl 

CaCh  :  KCl 

9 

3 

3.0 

24 

5 

4.8 

21 

6 

3.5 

36 

8 

4.5 

34 

9 

3.8 

49 

11 

4.5 

50 

12 

4.2 

65 

14 

4.6 

75 

18 

4.2 

90 

20 

4.5 

the  Ca  (and  vice  versa).  The  value  4.6  should  not  be  taken  too  strictly, 
for  it  does  vary  from  nerve  to  nerve.  Somewhere  between  4  and  5  is  a 
fair  estimation  on  the  whole.  It  should  be  added  that  the  antagonism  is 
not  complete ;  a  gradual  decrease  in  the  amplitude  of  contraction  is  al- 
ways found.  Evidently  the  three  salts  in  Ringer's  solution  are  so  in- 
terrelated that  it  is  only  when  they  are  present  in  the  normal  ratio  that 
the  solution  forms  a  well  balanced  medium. 

Loss  OF  RHYTHM  AND  Loss  OF  IRRITABILITY 

Minimal  Concentration  of  Ringer's  Solution  for  Maintenance 
and  Initiation  of  Rhythm 

When  a  nerve  is  immersed  in  pure  CaClL,  solution,  the  rhythmic 
nervous  discharge  stops  in  a  minute  or  two,  but  the  nerve  can  still  be 
stimulated  by  a  tetanizing  current,  as  shown  by  the  contraction  of  the 
heart.  During  the  next  several  minutes  (the  exact  time  depending  on 
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the  condition  of  the  nerve)  the  irritability  gradually  declines  and  finally 
disappears  completely,  so  that  the  nerve  is  no  longer  stimulated  by  a  cur- 
rent of  any  strength.  The  dissociation  of  automatic  rhythm  and  irri- 
tabilitv  is  particularly  obvious  in  some  cases.  Occasionally,  when  a 
nerve  is  dissected  out.  it  may  not  show  any  rhythmic  activity  at  all.  al- 
though it  always  responds  to  the  tetanizing  current  and  to  a  pure  XaCl 
.solution.  When  a  nerve  with  its  irritability  abolished  in  isotonic  CaCL 
i>  transferred  into  Ringer's  solution,  the  rhythm  appears  gradually,  to- 
gether with  the  associated  irritability.  It  is  difficult  to  determine  by  ex- 
periment whether  the  irritability  or  the  rhythmic  activity  returns  first, 
for  usually  an  automatic  rhythm  is  started  by  anv  brief  stimulation  dur- 
ing the  recovcrv  period.  In  all  cases,  however,  where  definite  rhythm  is 
restored,  the  nerve  responds  to  electrical  stimulation;  i.e..  automatic 
rhythm  is  always  associated  with  irritability. 

It  was  found  bv  Overtoil  (  1('02.  1904)  that  a  minimal  amount  of 
XaC'l  is  necessary  for  the  maintenance  of  irritability  in  vertebrate 
muscle  and  nerve  (about  20  vols.  isotonic  XaCl  plus  80  vols.  isotonic 
sucrose).  The  minimal  amount  of  Ringer's  solution  necessary  for  the 
maintenance  of  irritability  in  the  f.innilns  nerve  has  not  yet  been  deter 
mined.  A  mixture  of  33  vols.  Ringer's  solution  plus  (>7  vols.  isotonic 
sucrose  solution  can  maintain  the  normal  rhythm  for  more  than  one 
hour  with  only  a  slight  increase  in  rate  at  the  beginning  followed  by  a 
slow  progressive  decline  in  rate  and  intensity.  The1  initial  stimulating 
effect  is  due  to  the  specific  action  of  sucrose  (Carlson.  l(X)6r).  The 
unfavorable  influence  of  the  lowered  salt  concentration  is  clearly  shown 
when  after  an  immersion  of  one  hour  in  the  dilute  Kinger's  solution  the' 
ganglion  is  returned  to  Ringer's  solution  of  normal  concentration.  The 
rale  and  intensity  are  at  once  increased.  A  solution  containing  10  vols. 
per  cent  Ringer's  solution  in  isotonic  sucrose  solution  can  not  maintain 
the  normal  rhythm;  both  the  rate  and  the  intensity  of  the  rhythmic  im- 
pulses decrease  gradually,  and  the  rhythm  stops  in  about  twenty  minutes 
(i.e..  in  about  the  same  time  as  in  pure  sucrose  solution).  Similarly, 
when  the  rhythm  of  a  nerve  is  inhibited  by  CaCl ,.  it  recovers  in  a  mix- 
ture of  30  vols.  Ringer's  solution  plus  70  vols.  isotonic  sucrose.  It  ap- 
pears, therefore,  that  this  solution  can  maintain  the  normal  rhythm  of 
Linntlits  nerve  for  some  time  although  not  indefinitely,  and  can  initiate 
neu-  rhythm  in  a  (juiescent  nerve. 

DISCUSSION 

Tin-   precise   conditions    determining    the    rhythmical    activity   of    the 
•11s  in  the  Linnilns  -an-lion  art'  not  clearly  understood  at  pres- 
ent, but  the  analog   of  I.illie's  iron  win-  model   (I.illie,   1029)   suggests 
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that  some  kind  of  automatic  rhythmic  breakdown  and  restoration  of 
membrane  structure  in  these  cells  is  the  primary  physical  change.  The 
rhythmic  activity  is  closely  dependent  on  the  environmental  conditions, 
such  as  temperature  (Carlson,  1906u),  the  osmotic  pressure  of  the  me- 
dium (Carlson,  1906/;),  and  particularly  the  chemical  composition  of 
the  medium.  The  nerve  appears,  however,  to  be  comparatively  indif- 
ferent to  decrease  of  oxygen  tension  (Newman,  1906). 

One  very  striking  property  of  the  ganglion  is  the  promptness  with 
which  it  reacts  to  the  presence  of  electrolytes  ;  in  this  respect  it  presents 
a  contrast  with  the  heart  muscle.  While  isotonic  NaCl  solution  stimu- 
lates the  ganglion  almost  instantaneously,  the  heart  from  which  the 
nerve  cord  has  been  removed  develops  a  rhythmic  series  of  contractions 
only  after  a  prolonged  immersion  in  the  same  solution,  e.g.  for  30  to  45 
minutes  (Carlson,  1905).  In  vertebrate  muscle  and  nerve  a  contrast  of 
the  opposite  kind  is  seen ;  the  frog's  sartorius  shows  rhythmic  twitchings 
in  isotonic  NaCl  solution  immediately  after  immersion  (Loeb,  1899), 
while  under  the  same  conditions  the  sciatic  nerve  gives  rhythmic  im- 
pulses only  after  two  hours  or  more  (Mathews,  1904).  The  extreme 
sensitiveness  of  the  Li  in  id  us  heart  ganglion  to  the  action  of  salt  solu- 
tions is  probably  to  be  referred  chiefly  to  the  presence  of  nerve  cells,  al- 
though the  non-myelinated  structure  of  the  fibers  may  also  be  a  factor. 

The  action  of  ions  on  the  ganglion  is,  on  the  whole,  quite  comparable 
with  that  observed  on  the  vertebrate  heart.  Some  differences  in  the 
electrical  properties  of  the  structural  colloids  of  the  tissue  are,  however, 
suggested  by  the  reversed  order  of  the  lyotropic  series,  described  in  the 
first  part  of  this  paper.  Another  difference  between  the  two  tissues  is 
seen  in  the  well-established  antagonism  between  K  and  Ca  in  the  verte- 
brate heart  (Ringer,  1882,  a  and  b),  as  contrasted  with  the  independent 
antagonisms  of  KC1  and  of  CaCL  in  reference  to  NaCl  in  the  Limulus 
heart.  The  peculiar  effect  of  CaCl.,  in  arresting  the  vertebrate  heart  in 
systole,  while  with  KC1  the  arrest  is  in  diastole,  may  be  attributed  to  spe- 
cial structural  and  chemical  peculiarities  of  this  heart.  In  the  Limulus 
heart,  every  contraction  is  the  index  of  a  train  of  nerve  impulses  origi- 
nating in  the  ganglion.  If  there  is  no  impulse  from  the  ganglion,  the 
heart  remains  in  a  condition  of  complete  relaxation.  CaCL  abolishes 
the  nerve  impulse  without  any  sign  of  stimulation,  leaving  the  heart 
muscle  in  a  relaxed  condition. 

In  the  foregoing  description,  less  attention  has  been  paid  to  changes 
in  amplitude  of  contraction  than  to  changes  in  rhythm  for  the  reason  that 
the  former  show  less  consistency  than  the  latter,  except  in  those  cases 
cited  above.  The  changes  in  rate  are  definite  and  reproducible  and  can 
be  conveniently  used  as  a  criterion  for  the  evaluation  and  comparison  of 
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the  actions  of  the  electrolytes.  In  most  cases  the  recorded  changes  of 
rate  have  reference  to  the  first  five,  or  sometimes  the  first  ten  to  fifteen, 
minutes  after  transfer  from  one  solution  to  another ;  hut  these  rates  can 
not  be  maintained  unaltered  in  an  imperfectly  balanced  medium.  \Yhen 
a  nerve  is  immersed  in  an  unbalanced  solution  for  a  long  time,  some 
kind  of  harmful  effect  always  results  and  recovery  is  incomplete. 

Sl'M  MARY 

A  Ringer's  solution,  containing  100  vols.  0.52  M  XaCl,  15  vols. 
0.29  M  CaCL,  and  2  vols.  0.52  M  KCK  has  been  found  satisfactory  as  a 
substitute  for  sea  water  or  Lhnnlns  blood  plasma  in  maintaining  the 
normal  rhythmic  activity  of  the  ganglion  and  heart. 

Neutral  sodium  salts  in  isotonic  solutions  exhibit  (1)  a  stimulating 
effect  shown  by  the  initiation  of  new  rhythm  in  a  quiescent  nerve  and 
an  increase  in  the  rate  of  the  rhythm,  and  (2)  a  toxic  effect  shown  by 
the  production  of  irregularity  and  early  cessation  of  the  rhythm.  The 
relative  effectiveness  of  the  salts  in  initiating  new  rhythm  and  increas- 
ing the  rate  follows  the  order 

Xa.SO,  >  XaCl  >  NaNO3  >  XaBr  >  Nal  >  NaCNS. 

The  toxicity  follows  the  reverse  order. 

I.iCl  can  also  initiate  new  rhythm  but  is  much  less  effective  than 
XaCl  and  more  toxic. 

Other  sodium  salts,  acetate,  fluoride,  tartrate,  and  citrate,  have  an 
intense  stimulating  action  due  either  to  their  specific  toxic  action,  or  to 
their  calcium-precipitating  property,  or  to  the  alkaline  reaction  of  some 
of  them. 

Chlorides  of  Ca,  Mg,  and  Sr  inhibit  the  rhythm  with  gradual  de- 
crease in  rate  and  intensity.  The  relative  effectiveness  in  decreasing 
the  rate  follows  the  order 

SrCL>  CaCL  >  MgCL. 

I'.aCK  lias  a  primary  stimulating  effect  but  inhibits  the  rhythm  rapidly. 

Pun-  isotonic  KC1  has  both  a  primary  stimulating  effect  and  an  in- 
hibitory effect,  producing  a  rapid  rate  followed  by  early  cessation  of 
the  rhythm.  At  its  normal  concentration  in  Ringer's  solution,  it  antago- 
nizes  about  one  fourth  of  the  toxic  effect  of  the  XaCl;  at  higher  con- 

trations  than  normal  it  exhibits  at  first  a  stimulating  or  accelerating 
effect  and  later  an  inhibitory  effect. 

1 '1  .   at    its   normal   concentration   in    Ringer's  solution  antagonizes 
about  three-fourths  of  the  toxic  effect  of  the  XaCl;  at  higher  concen- 
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trations  than  normal  it  produces  an  inhibitory  effect,  decreasing  the  rate 
and  amplitude-. 

Ca  and  K  antagonize  each  other  at  a  definite  proportion  (about  4  or 
5  to  1 )  when  both  are  present  in  excess  in  Ringer's  solution. 

Potassium-paradox  has  been  observed  on  changing  from  a  potassium- 
free  solution  to  normal  Ringer's  solution. 

The  normal  rhythm  can  be  maintained  by  Ringer's  solution  of  30  per 
cent  normal  concentration  (made  isotonic  by  sucrose)  and  new  rhythm 
can  be  initiated  by  the  same  solution.  The  rhythmic  activity  of  the 
ganglion  is  more  readily  abolished  than  its  responsiveness  to  electrical 
stimulation. 

The  author  wishes  to  express  his  gratitude  to  Dr.  R.  S.  Lillie  for  much  help 
and  valuable  advice,  to  Dr.  W.  E.  Carrey  for  demonstrating  his  method  of  opening 
Limulus,  to  Dr.  C.  Ladd  Prosser  and  Mr.  A.  L.  Chute  for  apparatus  and  chemicals 
used  in  this  work,  to  Mr.  J.  C.  Bridges  for  calling  attention  to  the  phenomenon  of 
K-paradox  in  the  vertebrate  heart,  and  to  Mr.  T.  C.  Butler  for  much  help  in  some 
of  the  preliminary  experiments. 
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THE    EQUILIBRIUM    BETWEEN    HEMOGLOBIN    AND 
OXYGEN  IN  THE  BLOOD  OF  CERTAIN  FISHES 

ARDA   ALDEN   GREEN   AND   RAYMOND   W.    ROOT 
THE  WOODS  HOLE  OCEANOGRAPHIC  INSTITUTION  l 

In  studies  made  on  the  hemoglobin  of  certain  teleost  fishes  Root 
(1931)  found  that  carbon  dioxide  had  a  remarkable  effect  on  the 
ability  of  the  blood  to  combine  with  oxygen.  As  in  the  case  of 
mammalian  blood,  the  addition  of  acid  decreases  the  amount  of  oxygen 
combined  with  the  hemoglobin  at  any  given  oxygen  tension,  but  in 
these  fish  bloods  the  addition  of  acid  decreases  also  the  total  amount  of 
oxygen  that  can  be  combined  even  when  the  oxygen  tension  is  increased 
to  that  of  air.  As  a  consequence  the  suggestion  was  made  that  the 
prosthetic  groups  in  the  hemoglobin  molecule  were  differentially 
affected  by  the  presence  of  acid,  some  being  inactivated  entirely  so 
that  they  no  longer  combined  with  oxygen.  Since  confirmation  of 
this  suggestion  promised  to  throw  new  light  on  the  theory  of  the 
equilibrium  between  oxygen  and  hemoglobin,  the  phenomenon  has 
been  examined  in  greater  detail. 

In  the  present  study  we  have  examined  the  blood  of  the  tautog, 
Tautoga  onitis  Linnaeus,  the  goosefish,  Lophius  piscatorius  Linnaeus, 
and  the  toadfish,  Opsanus  tau  (Linnaeus).  We  have  confirmed  the 
observation  of  Root  and  shown  that  the  amount  of  oxygen  combined 
is  decreased  in  the  presence  of  acid  even  though  the  oxygen  tension 
is  raised  to  one  atmosphere.  In  addition,  the  oxygen  dissociation 
curves  have  been  studied  throughout  the  range  of  hydrogen  ion  con- 
centration in  which  the  phenomenon  is  described.  These  curves  are 
remarkable  as  to  shape,  especially  those  of  the  toadfish,  which  have  a 
distinct  undulatory  character.  Another  characteristic  is  a  change  in 
the  shape  of  the  curves  with  a  change  in  pH.  In  alkaline  solutions 
the  curves  for  the  goosefish  and  for  the  tautog  are  sigmoid  whereas  in 
more  acid  solutions  the  curves  are  rectangular  hyperbolae.  Thus 
in  these  teleost  fishes  we  find  certain  unique  characteristics  exhibited 
by  the  oxygen  dissociation  curves.  Such  peculiarities  must  be 
accounted  for  by  any  acceptable  general  theory  of  the  union  of  oxygen 

with  hemoglobins. 

METHODS 

The  blood  of  the  goosefish  was  obtained  from  the  bulbus  or  sinus 
venosus,  and  was  removed  from  the  animal  shortly  after  it  was  taken 
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from  the  commercial  fish  traps.  On  account  of  the  low  hemoglobin 
concentration  of  the  blood  of  this  fish  it  was  customary  to  centrifuge 
the  blood  and  draw  off  plasma  equal  to  about  one-third  the  total 
volume,  before  making  analyses.  The  other  fishes  were  maintained  at 
the  laboratory  in  tanks,  and  were  bled  from  the  gills  by  means  of  a 
hypodermic  syringe.  Lithium  oxalate  was  used  as  an  anticoagulant. 
Samples  of  blood  were  necessarily  combined  in  any  given  species  of 
fish  and  the  reserve  supply  kept  on  ice.  In  most  cases  the  blood  was 
used  within  12  hours.  In  the  case  of  the  goosefish  it  was  possible  to 
keep  a  sample  of  blood  several  days  without  the  appearance  of 
methemoglobin. 

The  usual  methods  of  obtaining  oxygen  dissociation  curves  were 
employed  as  described  by.  Dill  (1928).  Carbon  dioxide  and  oxygen 
analyses  on  the  blood  were  done  simultaneously  as  described  by  Root 
(1931).  The  analysis  of  gas  mixtures  containing  over  30  per  cent 
carbon  dioxide  or  oxygen  was  made  possible  by  a  special  modification 
of  the  Haldane  apparatus.  Gas  pressures  in  the  tonometers  were 
calculated  by  use  of  the  formula  of  Bock,  Field,  and  Adair  (1924). 
Samples  of  blood  were  equilibrated  at  a  temperature  of  25°  C.  for  15 
minutes  in  a  water  bath.  Nitrogen  was  used  as  the  inactive  gas  in 
the  tonometers.  It  is  essential  to  point  out  that  but  one  tonometer 
was  equilibrated  at  a  time  and  analyses  followed  directly  after 
equilibration.  This  procedure  is  quite  necessary  in  fish  blood,  since 
it  possesses  active,  nucleated  erythrocytes  (Dill,  Edwards,  and  Florkin, 
1932).  Duplicate  analyses,  both  of  the  gases  in  the  blood  and  in  the 
tonometer,  were  made  for  all  established  points. 

Since  the  oxygen  combined  by  these  bloods  is  diminished  in  the 
presence  of  acid,  the  oxygen  capacities  were  always  determined  on 
blood  to  which  a  small  amount  of  powdered  sodium  bicarbonate  had 
been  added.  This  blood  was  then  equilibrated  either  in  air  or  in 
oxygen  and  the  figure  obtained  after  dissolved  oxygen  was  subtracted 
was  taken  to  be  the  real  oxygen  capacity  of  the  hemoglobin. 

A  few  of  the  more  acid  samples  turned  brownish  in  color  and  the 
I'  •:  niation  of  methemoglobin  was  suspected.  In  such  cases  the  oxygen 
(aparity  of  a  duplicate  sample  of  the  blood  was  determined  directly 
alter  each  equilibration  by  using  sodium  bicarbonate  to  bring  the 
blood  once  more  to  an  alkaline  reaction  and  re-equilibrating  with  air. 
Whenever  the  hemoglobin  had  been  irreversibly  inactivated  the  per- 
centage  saturation  was  calculated  by  using  the  oxygen  capacity  as 
determined  after  equilibration  rather  than  the  original  value. 

All  the  d.ita  expressing  the  quantity  of  oxygen  in  blood  were 
•ed  lor  dis-oKcd  oxygen.  In  the  case  of  toadfish  and  goosefish 
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the  solubility  coefficient  for  oxygen  was  experimentally  established  as 
2.70  vols.  per  cent  for  760  mm.  O2  at  25°  C.  This  figure  was  assumed 
to  hold  in  the  case  of  the  tautog. 

In  studies  of  the  effect  of  acid  on  the  ability  of  blopd  to  combine 
with  oxygen,  samples  of  blood  were  equilibrated  in  oxygen  or  air  to 
which  had  been  added  various  amounts  of  carbon  dioxide.  When 
acidities  were  desired  greater  than  could  be  obtained  in  this  way  a  few 
drops  of  4  per  cent  lactic  acid  were  added. 

The  pH  of  fish  blood  is  not  easy  to  control  and  great  difficulties 
were  experienced  in  trying  to  establish  dissociation  curves  at  constant 
pH.  On  account  of  the  great  change  in  acidity  of  the  hemoglobin 
with  degree  of  oxygenation  the  use  of  a  constant  carbon  dioxide  tension 
does  not  lead  to  a  constant  pH  at  all  oxygen  tensions.  This  difficulty 
was  overcome  by  grading  the  amount  of  carbon  dioxide  added  and, 
in  some  cases,  by  adding  a  small  amount  of  sodium  bicarbonate.  In 
this  way  it  was  possible  to  obtain  points  calculated  to  have  approxi- 
mately the  same  pH  values  at  all  degrees  of  oxygenation.  The  pH 
of  the  blood  was  calculated  from  gasometric  data,  using  the  Henderson- 
Hasselbalch  equation  and  assuming  pK  6.22  for  whole  blood  at  25°  C. 
Dissolved  carbon  dioxide  was  calculated  by  using  Bohr's  solubility 
coefficient  slightly  modified  in  a  manner  prescribed  by  Peters,  Bulger, 
and  Eisenman  (1924)  to  allow  for  differences  in  corpuscular  volume. 
The  final  factors  used  to  calculate  the  volume  percentage  of  dissolved 
CO2  were  0.102  pCO2  for  toadfish,  and  0.1  pCO2  for  the  other  fish 
bloods.  It  must  be  remembered  that  the  electrolyte  equilibrium 
between  cells  and  plasma  is  completely  ignored  and  the  pH  is  calculated 
from  determinations  of  the  carbon  dioxide  equilibrium  of  whole  blood 
rather  than  that  of  either  plasma  or  cells. 

THE  APPARENT  Loss  OF  OXYGEN  CAPACITY  IN  ACID  SOLUTIONS 

Root  (1931)  found  that  the  amount  of  oxygen  combined  with 
certain  fish  bloods  at  a  pressure  of  oxygen  equivalent  to  that  of  air 
depended  upon  the  acidity  of  the  blood.  The  addition  of  very  small 
amounts  of  carbon  dioxide  (even  5  or  10  mm.)  or  of  lactic  acid, 
appreciably  decreased  the  oxygen  bound.  This  effect  is  reversible, 
for  if  the  blood  equilibrated  under  acid  conditions  is  again  made 
alkaline  it  regains  its  original  combining  capacity. 

It  seemed  to  us  that  this  phenomenon  might  be  merely  a  pro- 
nounced "Bohr"  effect  (Bohr,  Hasselbalch,  and  Krogh,  1904)  in  which 
the  acid  altered  the  oxygen  dissociation  constant  to  such  an  extent 
that  the  oxygen  tension  of  air  was  insufficient  to  completely  saturate 
the  hemoglobin.  If  higher  oxygen  tensions  had  been  used,  saturation 
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might  have  been  complete  and  the  oxygen  capacity  undiminished.  To 
test  this  possibility  fish  blood  was  equilibrated  with  oxygen  containing 
the  requisite  quantity  of  carbon  dioxide.  Since  the  total  pressure 
was  about  one,, atmosphere,  the  oxygen  tension  of  these  gas  mixtures 
decreased  with  increasing  carbon  dioxide  concentration.  For  this 
reason  lactic  acid  was  added  on  some  of  the  more  acid  samples  to 
enable  a  relatively  high  acidity  to  be  reached  without  too  greatly 
diluting  the  oxygen  with  carbon  dioxide. 

The  results  upon  the  blood  of  the  goosefish,  the  tautog,  and  the 
toadfish  in  both  air  and  oxygen  at  25°  C.  are  represented  in  Fig.   1. 
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Fi<;.  1.  The  oxygen  combined  in  fish  bloods  equilibrated  with  varying  tensions 
of  carbon  dioxide  and  oxygen  or  of  carbon  dioxide  and  an  oxygen  tension  approxi- 
mating that  of  air. 

The  oxygen  tension  of  the  more  acid  points  in  the  curves  of  the  toadfish 
i>  about  500  mm.,  of  the  tautog  650  mm.,  and  of  the  goosefish  350  mm. 
Kxcept  in  the  acid  ranges  of  the  toadfish  blood,  the  samples  equilibrated 
with  oxygen  combined  with  more  oxygen  than  those  treated  with  air. 
But  it  still  remains  a  question  as  to  whether  the  oxygen  dissociation 
i  urvcs  have  shifted  or  whether  tin-  amount  of  oxygen  which  can  be 
combined  has  been  decreased.  It  seemed  desirable,  consequently,  to 
determine  the  entire  oxygen  dissociation  curves  at  various  hydrogen 
ion  concentrations  in  the  hope  that  their  analysis  would  enable  us  to 
determine  the  relative  part  played  by  these  two  phenomena. 

I-'. 'I    mONS  I  ok  (  )\V(,i.;\-Hi.;M()(;i.()|{]\  EQUILIBRIUM  AT  CONSTANT  pH 

I  In  M    li,i\e  been  three  types  of  equations  describing  oxygen  dis- 

Mtion  which  have  proved  useful  for  our  purpose.      The  first  of  these 
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is  that  of  Hill   (1910).     The  fraction  of  hemoglobin  combined  with 
oxygen,  in  the  following  manner: 

Kxn 


where  x  is  the  oxygen  concentration  expressed  as  pressure  in  mm.  Hg. 
Equation  (1)  may  be  derived  from  the  mass  law  on  the  assumption  that 
«  is  the  number  of  molecules  of  oxygen  uniting  with  each  molecule  of 
hemoglobin. 

According  to  Adair's  hypothesis,  each  molecule  of  hemoglobin 
combines  with  four  molecules  of  oxygen  and  the  molecule  Hb(O2)4  is 
built  up  and  broken  down  in  stages,  thus: 

0.25^(02)  + 
1  +  K^OJ 

in  which  K\,  K?,  K3,  and  K^  are  products  of  mass  law  equilibrium 
constants.  This  equation  has  been  successfully  used  to  describe  the 
curves  for  man  (Adair,  1925),  the  horse  (Ferry  and  Green,  1929),  and 
the  sheep  (Ferry  and  Pappenheimer,  1929). 

Another  expression  has  been  suggested  by  Redfield  (Ferry  and 
Green,  1929,  p.  194)  and  has  been  found  useful  in  describing  the 
oxygen  dissociation  curves  of  a  number  of  bloods  containing  hemo- 
cyanin  which  have  a  distinct  undulatory  character  (Redfield,  1933). 
It  may  be  assumed  that  the  respiratory  protein  consists  of  two  or 
more  components,  each  of  which  reacts  with  oxygen  independently 
of  the  others  and  reaches  an  equilibrium  described  by  a  distinct  oxygen 
dissociation  curve.  Further,  each  component  reacts  with  oxygen  in 
accordance  with  Hill's  equation  (equation  1)  but  the  components  are 
each  characterized  by  a  different  value  of  n.  If  the  oxygen  dissociation 
constants  of  the  forms  characterized  by  values  of  n  of  1.0,  2.0,  3.0,  4.0, 
etc.  are  designated  by  K\,  KZ,  K3,  K±,  etc.,  and  the  fraction  of  the 
total  oxygen  bound  by  each  of  these  forms  as  «i,  «2,  a3,  a4,  etc.,  the 
fraction  of  the  total  respiratory  protein  present  in  the  oxygenated 
condition,  Y,  is  given  by  the  equations: 


_  azKzX12  asK3x* 

''  1  2  "  3  ~~ 


In  applying  this  expression  to  the  fish  bloods  which  we  have 
studied,  it  is  not  necessary  to  employ  more  than  the  first  two  terms  so 
that  the  expression  becomes 

Ki(0«)  Kz(0,y~ 

'  ai  +  "2  *  ' 
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TABLE  I 

Oxygen  Dissociation  of  Toadfish  Blood  Equilibrated  at  25°  C. 


Experi- 
ment * 

0* 
Pressure 

Content 

O; 

Combined 

GJ 
Capacity 

Oi 

Saturation 

COj 

Pressure 

CO2 

Content 

1.1! 

mm. 
Hg. 

vol. 

per  cent 

vol. 
per  cent 

vol. 

per  cent 

per 
cent 

mm. 
Hg. 

vol. 
per  cent 

17 

8.76 

1  .35 

1.32 

6.98 

18.9 

3S.8 

67.3 

7.42 

19.4 

2.57 

2.50 

35.  S 

36.3 

64.7 

7.44 

25.3 

2.96 

2.87 

41.1 

34.7 

65.8 

7.47 

44.25 

3.71 

3.55 

50.9 

36.7 

67.0 

7.45 

69.8 

4.47 

4.22 

60.5 

34.3 

62.9 

7.45 

80.0 

4.62 

4.34 

62.2 

36.1 

65.1 

7.44 

90.9 

5.11 

4.79 

68.6 

34.0 

63.0 

7.45 

107.0 

5.26 

4  SS 

70.0 

35.1 

64.2 

7.45 

115.0 

5.28 

4.87 

69.8 

36.4 

63.2 

7.43 

117.5 

5.30 

4.88 

69.9 

34.9 

64.0 

7.45 

134.2 

5.81 

5.33 

76.4 

34.75 

63.2 

7.45 

151.0 

6.21 

5.68 

81.4 

33.85 

61.55 

7.44 

172.0 

6.56 

5.95 

85  i 

36.3 

61.4 

7.41 

191.0 

6.72 

6.04 

86.6 

34.1 

63.5 

7.44 

261.5 

7.27 

6.34 

90.8 

35.4 

58.2 

7.40 

19  t 

2.69 

14.7 

0.47 
1.95 

0.46 
1.90 

7.21 

6.39 

26.3 

46.3 

45.2 

4S.2 
47.5 

7.18 
7.19 

26.9 

2.81 

2.72 

37.7 

42.5 

47.4 

7.22 

53.8 

3.41 

3.22 

44.7 

41.4 

46.35 

7.J2 

80.0 

3.77 

3.49 

48.4 

41.3 

46.85 

7.22 

102.0 

4.16 

3.80 

52.7 

42.0 

46.0 

7.21 

131.4 

4.54 

4.07 

56.5 

41.0 

46.2 

7.21 

147.0 

4.94 

4.42 

61.3 

43.0 

45.1 

7.19 

163.4 

5.24 

4.66 

65.2 

38.9 

44.7 

7.23 

209.5 

5.79 

5.05 

70.0 

43.8 

44.1 

7.17 

247.0 

6.31 

5.44 

75.5 

40.75 

42.  S 

7.19 

322.0 

6.73 

5.59 

7S.2 

40.25 

43.0 

7.20 

410.0 

7.44 

5.99 

83.8 

39.5 

41.5 

7.19 

512.0 

8.01 

6.19 

86.5 

39.8 

41.8 

7.19 

723.0 

9.10 

0.53 

90.6 

39.2 

41.2 

7.19 

18 

4.23 

0.71 

0.69 

7.15 

9.70 

35.6 

23.6 

6.96 

1i..  7 

1.97 

1.91 

26.7 

35.2 

23.3 

6.96 

25.1 

2.53 

2.44 

34.1 

34.9 

22.5 

6.95 

53.2 

3.50 

3.31 

45.3 

34.2 

22.0 

6.96 

107.1 

;  39 

3.51 

49.2 

34.4 

23.05 

6.96 

137.7 

<  98 

3.49 

4S.S 

45.7 

24.7 

6.83 

150.0 

4.11 

3.58 

50.0 

32.0 

22.2 

t,.«)S 

225.0 

1  66 

3.86 

53.0 

31.6 

22.2 

6.99 

291.0 

5.18 

4.15 

58.0 

34.2 

24.  S 

7.01 

J52  ii 

5.59 

I  J4 

1,1  i) 

34.2 

22.3 

6.95 

0 

6.06 

t.6S 

65.5 

33.6 

23.6 

6.99 

161.0 

6.54 

-1   'Ml 

68.6 

34.4 

23.5 

6.98 

500.0 

i,  93 

5.16 

72.1 

33.3 

21.4 

6.94 

729.0 

5.68 

7').  5 

34.6 

22.4 

6.96 
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Experi- 
ment * 

Oi 

Pressure 

02 

Content 

O2 
Combined 

02 

Capacity 

O2 

Saturation 

COs 
Pressure 

CO2 
Content 

pH 

mm. 

vol. 

ml. 

vol. 

per 

mm. 

vol. 

Hg. 

per  cent 

per  cent 

per  cent 

cent 

Hg. 

per  cent 

6 

4.23 

0.65 

0.64 

6.04 

10.6 

51.85 

28.3 

6.86 

6.96 

0.86 

0.84 

13.9 

47.75 

27.2 

6.88 

16.65 

1.70 

1.65 

27.2 

50.7 

27.2 

6.85 

33.9 

2.30 

2.19 

36.2 

59.6 

29.0 

6.80 

69.9 

2.76 

2.53 

41.8 

53.9 

26.9 

6.81 

96.6 

3.05 

2.73 

45.2 

53.9 

32.5 

6.92 

9 

200. 

3.62 

2.91 

6.20 

47.0 

46.3 

26.2 

6.89 

285. 

3.98 

2.97 

48.0 

47.7 

30.3 

6.94 

331. 

4.30 

3.13 

50.5 

46.6 

25.9 

6.88 

345. 

4.60 

3.38 

54.5 

47.3 

25.2 

6.86 

402. 

5.02 

3.60 

58.0 

44.5 

22.7 

6.83 

481. 

5.32 

3.61 

58.2 

46.6 

25.8 

6.87 

580. 

5.59 

3.54 

57.1 

45.5 

26.9 

6.91 

649. 

5.94 

3.64 

58.7 

46.1 

24.5 

6.86 

5 

4.90 

0.61 

0.61 

6.16 

9.9 

120.2 

39.55 

6.57 

8.17 

0.89 

0.88 

14.3 

119.4 

39.65 

6.57 

12.74 

1.18 

1.16 

18.8 

110.8 

38.25 

6.60 

20.82 

1.65 

1.57 

25.5 

129.5 

40.55 

6.54 

36.14 

2.05 

1.90 

30.8 

123.0 

40.00 

6.56 

69.2 

2.56 

2.33 

37.8 

125.5 

41.05 

6.56 

14 

6.05 

0.665 

0.64 

6.06 

10.7 

100.7 

18.68 

6.13 

13.10 

1.015 

0.97 

16.0 

100.2 

18.40 

6.12 

23.45 

1.38 

1.30 

21.5 

100.5 

18.33 

6.12 

33.7 

1.63 

1.51 

24.9 

97.2 

18.10 

6.13 

40.8 

1.90 

1.76 

29.0 

98.1 

17.80 

6.11 

48.7 

2.02 

1.85 

30.5 

97.7 

17.48 

6.10 

58.6 

2.21 

2.00 

33.0 

98.8 

17.95 

6.11 

91.0 

2.44 

2.12 

35.1 

97.4 

18.00 

6.13 

140.6 

2.84 

2.34 

38.6 

105.3 

18.17 

6.06 

*  Each  experiment  number  represents  measurements  made  on  a  single  collection 
of  blood. 

t  Sodium  bicarbonate  added  to  the  blood. 

In  order  to  take  account  of  the  apparent  inability  of  all  of  the 
hemoglobin  to  combine  with  oxygen,  which  characterizes  the  more 
acid  samples,  it  is  necessary  to  introduce  a  term  <XQ,  equal  to  the 
fraction  of  total  hemoglobin  incapable  of  combining  with  oxygen. 
It  follows  that 


THE  OXYGEN  DISSOCIATION  CURVES  OF  TOADFISH  BLOOD 

The  results  of  the  experiments  on  the  blood  of  the  toadfish  are 
given  in  Table  I  and  the  oxygen  dissociation  curves  at  constant  pH  are 
shown  in  Fig.  2. 
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These  curves  may  be  observed  to  have  certain  interesting  charac- 
teristics regardless  of  the  theory  or  of  the  equations  used  to  describe 
the  oxygen-hemoglobin  equilibrium.  The  first  of  these  is  a  difference 
in  the  shape  of  the  curves  at  different  hydrogen  ion  concentrations. 
In  mammalian  blood,  on  the  contrary,  curves  at  constant  carbon 
dioxide  tension  or  at  constant  pH  are  apparently  of  one  family  having 
the  same  shape. 
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FIG.  2.  Oxygen  dissociation  curves  at  constant  pH  of  the  blood  of  the  toad- 
fish.  The  curves  have  been  drawn  according  to  equation  (3)  using  the  following 
constants: 


pH 

01 

02 

an 

Ki 

K--  X  1<X 

l/Ki 

1  K, 

7.44 

.5 

.5 

0 

.1  1 

.826 

9 

110- 

7.20 

.5 

.5 

0 

.10 

.186 

10 

232s 

6.96 

.5 

.48 

.02 

.10 

.033 

10 

5iv 

6.89 

.5 

.2 

.3 

.071 

.033 

14 

54  S- 

6.55 

.5 

0 

.5 

.0475 

21 

6.1 

.43 

0 

.57 

.0475 

21 

Tin-  (Lit. i   may  be  equally  well  described  by  equation   (2)   when   the  following 
values  for  the  constants  are  used: 


I.  II 

Ki 

A'I  X  10-' 

Kz  X  H)« 

A.'i  X  10« 

711 

.2 

1.0 

.01 

1.0 

7.  JO 

.1 

.6 

.04 

.10 

6.96 

.1 

.5 

.001 

.015 

.1 

.4 

.001 

.004 

(,  ;  ^ 

.1 

.2 

.001 

.0001 
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A  second  effect  of  pH  on  these  curves  is  a  shift  to  the  right  with 
increasing  acidity,  a  phenomenon  well  established  for  various  mam- 
malian bloods.  On  the  other  hand,  the  change  in  the  position  of  the 
curve  with  change  in  pH  is  almost  insignificant  in  the  blood  of  the 
elasmobranch,  Raia  ocellata  (Dill,  Edwards,  and  Florkin,  1932).  In 
these  marine  teleosts,  and  especially  in  the  toadfish,  the  effect  is  very 
marked.  As  a  result  the  curves  determined  at  pH  7.2,  6.96,  and  6.89 
are  not  completely  saturated  even  in  the  presence  of  500  mm.  O2  and 
the  shape  of  the  curves  indicates  that  more  oxygen  would  be  combined 
at  higher  oxygen  tensions. 

This  is  an  explanation  of  a  part  of  the  decrease  in  oxygen  capacity 
described  by  Root  (1931).  It  should  be  noted,  however,  that  the 
curves  determined  at  pH  6.55  and  6.1  are  practically  flat  at  tensions 
of  oxygen  above  150  mm.  which  suggests  that  saturation  is  complete 
but  that  a  part  of  the  hemoglobin  is  incapable  of  combining  with 
oxygen. 

The  next  important  feature  of  the  curves  is  their  peculiar  shape. 
Some  of  them  are  not  simple  hyperbolic  or  sigmoid  curves  but  are 
undulatory  in  character,  having  two  regions  concave  to  the  abscissa. 
Similar  types  of  curves  have  been  found  for  the  blood  of  some  birds 
(Wastl  and  Leiner  1931)  and  of  certain  animals  containing  hemocyanin 
(Redfield,  1933).  The  break  between  the  two  regions  of  the  curves 
occurs  at  about  50  per  cent  saturation,  and  the  more  acid  curves,  in 
which  the  combined  oxygen  has  become  constant,  do  not  rise  above  50 
per  cent  saturation.  This  characteristic  of  the  curves  suggests  that 
the  oxygenation  of  the  hemoglobin  consists  of  two  steps,  or  that  there 
are  two  components  to  the  curves  representing  the  behavior  of  different 
fractions  of  the  pigment  present  in  equal  quantities.  Theoretical 
treatment  of  these  possibilities  is  provided  by  the  equations  given 
above. 

The  equation  (1)  developed  by  Hill  applies  only  to  simple  curves, 
hyperbolic  or  sigmoid  in  shape,  and  thus  could  be  used  to  describe  only 
the  most  acid  curves  and  these  only  if  the  decrease  in  oxygen  capacity 
is  assumed  to  be  real  so  that  higher  oxygen  tensions  would  not  increase 
the  oxygen  bound. 

Although  Adair's  theory  in  which  the  hemoglobin  combines  with 
oxygen  in  steps  was  derived  for  sigmoid  curves,  equation  (2)  may  be 
used  to  describe  the  oxygen  dissociation  curves  of  the  toadfish.  By 
making  K3  and  K^  sufficiently  small,  the  terms  in  which  they  appear 
become  ineffective  at  the  oxygen  tensions  used  and  the  curve  becomes 
flat  at  one  half  saturation,  as  in  the  experiment  at  pH  6.55.  According 
to  this  treatment  the  decrease  in  oxygen  capacity  is  only  apparent  and 
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the  effect  really  one  on  the  magnitude  of  the  constants  and  thus  a 
"Bohr"  effect.  However,  the  curve  at  pH  6.1  is  indubitably  flat 
over  a  long  range  at  less  than  50  per  cent  saturation,  that  is,  at  43 
per  cent,  and  it  is  also  apparent  from  Fig.  1  that  a  further  increase  in 
acidity  would  further  decrease  the  oxygen  bound.  Such  curves  can 
only  be  derived  from  the  Adair  equation  by  assuming  a  true  loss  in 
oxygen  capacity,  thus  necessitating  the  introduction  of  a  new  constant 
to  describe  this  loss. 

The  curves  may  be  described  equally  well  in  terms  of  Redfield's 
equation  which  employs  fewer  constants.  The  smooth  curves  in 
Fig.  2  are  drawn  according  to  equation  (3).  When  the  curves  have 
not  flattened  out  at  one  atmosphere  of  oxygen,  the  fraction  of  hemo- 
globin incapable  of  combining  with  oxygen  must  be  calculated  from 
the  shape  of  the  dissociation  curves  at  lower  tensions  and  this  un- 
fortunately gives  an  additional  degree  of  freedom  in  analyzing  some 
of  the  curves. 

The  difference  between  the  values  for  K\  and  K<>  gives  the  un- 
dulatory  character  to  the  curves.  In  some  cases  the  hemoglobin 
combining  with  oxygen  according  to  the  first  constant  is  almost  com- 
pletely saturated  before  the  second  inflection  begins.  By  taking  ai 
and  «2  each  ==  050,  which  implies  that  the  amount  of  hemoglobin 
acting  as  though  it  combined  with  one  molecule  of  oxygen  at  a  time 
exactly  equals  that  combining  with  two  molecules,  the  flat  places  in 
the  curves  or  the  points  where  there  is  a  change  of  inflection  occur  at 
about  one  half  saturation. 

The  decrease  in  oxygen  capacity  takes  place  first  at  the  expense 
of  the  component  behaving  as  though  n  --  2.  The  value  of  on,  the 
amount  of  hemoglobin  behaving  according  to  the  first  term  of  the 
rf|tiation,  remains  constant  at  0.50  throughout  the  pH  range  until  the 
amount  of  hemoglobin  capable  of  combining  with  oxygen  has  been 
reduced  to  50  per  cent  of  the  whole.  Thus,  the  curve  at  pH  6.55,  in 
which  the  capacity  is  50  per  cent  of  the  total  oxygen-combining  power, 
i-  a  rectangular  hyperbola.  Further  addition  of  acid  reduces  the 
capacity  but  the  curve  is  still  of  the  same  shape  and  has  the  same  value 
for  the  constant  K\.  This  implies  that  the  effect  described  by  Root 
comprises  a  real  inactivation  of  the  hemoglobin  and  is  due  only  in 
part  to  a  greatly  exaggerated  "Bohr"  effect. 

All  three  treatment'-  have  certain  common  implication-.  The 
<le~< -i  iption  of  the  curves  in  accordance  with  either  equation  (1),  (2), 

3)  requires  the  assumption  that   a  portion  of  the  hemoglobin  has 
>-t   it-  ability  to  combine  with  oxygen  in   the  case  of  the  most  acid 
.      In  the  use  of  equation  (3)  it  is  implied  that  the  prosthetic 
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groups  responsible  for  the  two  components  of  the  curves  are  divided 
in  equal  amounts.  This  condition  could  be  met  if  there  were  two  forms 
of  hemoglobin  present,  but  the  probability  of  two  independent  sub- 
stances existing  in  such  exact  proportion  is  rather  small.  It  is  much 
simpler  to  postulate  the  existence  of  a  number  of  oxygen-combining 
groups  on  one  molecule,  one  half  of  which  behave  in  one  way  and  one 
half  in  the  other.  Since  one  half  of  the  group  behave  as  though  they 
combined  with  oxygen  in  pairs,  at  least  four  prosthetic  groups  must  be 
attributed  to  the  molecule.  In  this  regard  the  implications  regarding 
the  structure  of  the  hemoglobin  molecule  are  the  same  as  those  postu- 
lated by  Adair  in  deriving  equation  (2). 

THE  OXYGEN  DISSOCIATION  CURVES  OF  THE  BLOOD  OF  THE  TAUTOG 

AND  OF  THE  GOOSEFISH 

The  blood  of  the  tautog  and  of  the  goosefish  may  be  considered 
together  since  they  exhibit  similar  characteristics.  The  data  are 
presented  in  Tables  II  and  III. 

The  most  important  characteristic  of  these  curves  is  a  change  in 
the  shape  of  the  curve  with  a  change  in  pH.  Equation  (1)  may  be 
transformed  to  the  logarithmic  form  : 


T  7-^ 

Log  --    =  log  K  +  n  log  pO2. 


When  log  HbO2/Hb  is  plotted  against  log  pO2,  the  resulting  curve  is  a 
straight  line,  the  slope  of  which  is  equal  to  n.  The  data  for  these  two 
fish  bloods  have  been  calculated  in  this  manner  and  the  results  plotted 
in  Fig.  3.  In  both  cases  the  most  alkaline  curves  are  straight  lines 
and  the  slope  is  2.0,  that  is,  Hill's  equation  is  applicable  and  n  is  2.0. 
In  both  cases,  also,  the  most  acid  curves  are  straight  lines  but  here  n 
is  1.0  and  consequently  the  oxygen  dissociation  curves  are  rectangular 
hyperbolae. 

In  both  these  bloods  the  oxygen-combining  power  is  decreased  in 
the  more  acid  solutions.  In  the  tautog  the  curve  has  changed  to  a 
rectangular  hyperbola  (n  =  1.0)  at  pH  7.2.  At  this  reaction  the 
oxygen  capacity  is  not  appreciably  lowered,  so  that  the  change  in  shape 
is  independent  of  this  phenomenon.  In  the  goosefish  the  decrease  in 
oxygen  capacity  begins  to  appear  before  the  curves  have  assumed  a 
shape  characterized  by  n  =  1,  and  in  applying  Hill's  equation  it  is 
necessary  to  make  allowances  for  the  decreased  oxygen  capacity  of 
the  blood,  as  was  done  in  the  case  of  toadfish  blood  (p.  391).  At  pH 
6.84,  6.80,  and  6.1  the  oxygen  capacities  are  assumed  to  be  88,  80, 
and  54  per  cent  respectively,  of  those  obtaining  in  alkaline  solutions. 
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TABLE  II 

(>\yi>en  Dissociation  of  Goosefish  Blood  E<iitilil>rtit<->l  at  25°  C. 


Experi- 
ment * 

02 
Pressure 

O« 
Content 

0; 
Combined 

O< 
Capacity 

O: 

Saturatioi 

COz 

Pressure 

COs 

Content 

pH 

3 

m  m  . 
Hg. 

1.11 

rnl. 

f>fr  <  >•>:! 
J.SO 

vol. 

Per  <  t-nt 

2.79 

vol. 
per  cent 

8.40 

per 
cent 

33.2 

mm. 
Hg. 

2.53 

vol. 
per  cent 

24.1 

8.20 

7.08 

5.70 

5.68 

(.7.5 

3.16 

25.2 

8.11 

10.4 

7.02 

6.98 

83.0 

2.14 

22.9 

8.23 

15.94 

7.90 

7.S4 

93.3 

2.41 

23.2 

8.20 

66.9 

8.74 

8.50 

101.0 

2.76 

24.2 

8.15 

4t 

5.26 
6.79 

5.07 
5.64 

5.05 
5.62 

8.59 

58.8 
65.5 

6.36 

8.54 

51.3 

56.2 

8.12 
8.03 

7.74 

6.42 

6.39 

74.4 

6.17 

50.4 

8.13 

7.89 

6.35 

6.32 

73.6 

7.23 

54.3 

8.09 

12.33 

7.50 

7.46 

86.8 

7.20 

53.9 

8.09 

14.58 

7.96 

7.91 

92.2 

6.29 

52.0 

8.15 

25.1 

8.32 

8.23 

95.8 

6.22 

51.2 

8.13 

3 

3.19 

0.93 

0.93 

8.40 

11.1 

0.9S 

2.79 

7.65 

21.3 

5.12 

5.04 

60.0 

0.91 

2.8 

7.52 

25.8 

5.82 

5.73 

68.2 

0.93 

2.07 

7.55 

32.3 

6.36 

6.25 

74.3 

0.61 

1.6 

7.62 

58.0 

7.54 

7.33 

87.4 

1.10 

2.3 

7.52 

4t 

9.86 

25.7 

1.22 
3.09 

1.18 
3.00 

8.59 

13.7 

35.0 

4S.3 
45.6 

39.5 

37.5 

7.08 
7.08 

SI.  35 

3.67 

3.56 

41.4 

47.2 

37.3 

7.06 

39.85 

4.45 

4.31 

50.3 

43.5 

35.0 

7.07 

68.7 

5.92 

5.68 

66.2 

42.3 

33.0 

7.07 

109.6 

7.36 

6.97 

81.0 

36.4 

30.1 

7.08 

151. 

8.11 

7.58 

88.3 

33.2 

2S.4 

7.10 

182. 

8.65 

8.00 

93.3 

33.8 

28.3 

7.09 

4t 

12.0 

25.1 

1.41 
2.76 

1.37 
2.67 

8.59 

15.9 
31.1 

49.6 
49.7 

39.6 
39.2 

7.06 
7.06 

37.4 

3.45 

3.32 

38.6 

50.7 

37.8 

7.03 

54.4 

4.37 

4.  IS 

18.7 

49.6 

37.7 

7.04 

104.6 

7.00 

6.63 

77..-! 

42.4 

32.8 

7.05 

149.5 

7.22 

6.69 

77.9 

41.3 

32.6 

7.06 

14X.2 

7.43 

6.90 

80.3 

41.1 

31.5 

7.04 

228. 

8.38 

7.57 

SX.3 

41.2 

30.3 

7.03 

3 

4.05 

0.55 

0.54 

S.40 

6.45 

50.7 

26.0 

6.84 

l')..s 

1.52 

1.45 

L7.3 

50.0 

25.7 

6.84 

27.35 

2.15 

2.05 

24.4 

50.7 

26.2 

6.84 

59.9 

3.57 

3.36 

40.0 

50.  s 

24.<> 

6.81 

l()J  6 

1.31 

3.95 

47.2 

50.3 

24.'» 

6.82 

197.5 

5.(><) 

5.29 

62.8 

49.6 

23.3 

6.80 

J03.5 

6.92 

5.84 

8.28 

70.5 

46.7 

22.0 

6.79 

593. 

8.73 

6.62 

8.19 

80.7 

40.4 

20.7 

6.76 

7<J. 

9.05 

6.45 

7  'M 

81.3 

48.5 

21.3 

6.75 

EQUILIBRIUM  OF  OXYGEN  WITH  HEMOGLOBIN 
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Experi- 
ment * 

O; 
Pressure 

02 

Content 

()•> 

Combined 

O2 
Capacity 

O2 

Saturation 

CO! 

Pressure 

CO2 

Content 

pH 

4 

mm. 
ffg. 

7.0 

vol. 
per  cent 

0.72 

vol. 
per  cent 

0.70 

vol. 
per  cent 

8.59 

per 
cent 

8.15 

mm. 
Hg. 
41.0 

vol. 
per  cent 

19.8 

6.80 

12.8 

1.12 

1.07 

12.5 

41.8 

20.2 

6.80 

34.5 

2.22 

2.10 

24.5 

39.4 

19.5 

6.82 

80.4 

3.87 

3.58 

41.7 

38.8 

16.6 

6.74 

106.5 

4.39 

4.02 

46.8 

37.6 

18.1 

6.80 

150. 

5.01 

4.48 

52.1 

34.9 

16.6 

6.78 

250. 

6.34 

5.45 

63.5 

31.2 

14.1 

6.77 

743. 

9.08 

6.44 

75.0 

25.1 

11.6 

6.78 

3 

34.6 

1.88 

1.76 

8.40 

20.9 

390. 

70.6 

6.13 

64.3 

2.24 

2.00 

8.32 

23.8 

374. 

67.2 

6.12 

106. 

2.88 

2.50 

8.03 

31.2 

404. 

72.0 

6.11 

150. 

3.39 

2.86 

7.96 

35.8 

374. 

66.6 

6.11 

378. 

4.35 

3.01 

7.24 

41.6 

377. 

68.7 

6.13 

*  Each  experiment  number  represents  measurements  made  on  a  single  collection 
of  blood. 

t  Sodium  bicarbonate  added  to  the  blood. 

The  curves  at  intermediate  pH  values  are  such  that  n  lies  between 
1  and  2.  The  curve  for  the  tautog  at  pH  7.4  is  apparently  a  straight 
line  of  slope  1.3  so  that  equation  (1)  is  applicable  whereas  the  inter- 
mediate goosefish  curves  would  seem  to  be  slightly  curved,  indicating 
that  a  more  complicated  equation  would  give  a  more  satisfactory 
description. 

There  is  no  question  but  that  equation  (2)  could  be  used  to  describe 
these  curves  but  their  simple  character  renders  the  application  of  such 
a  complicated  expression  of  little  interest. 

Equation  (3)  may  also  be  successfully  applied  here.  The  smooth 
curves  in  Figs.  4  and  5  are  drawn  according  to  this  equation  using  the 
constants  given  in  the  legends. 

Thus  the  dissociation  curves  of  the  tautog  and  the  goosefish  are 
so  simple  in  character  that  they  may  be  described  by  equations  based 
on  any  one  of  the  theories  of  the  mode  of  combination  between  oxygen 
and  hemoglobin,  and  in  themselves  give  no  basis  for  a  preference  of 
one  theory  over  another. 

These  curves  leave  little  doubt  that  the  decrease  in  oxygen  in  acid 
solution  is  really  due  to  a  loss  in  ability  to  combine  with  oxygen,  and 
not  to  a  "Bohr  effect,"  for  certain  of  the  curves  have  the  same  dis- 
sociation constant  and  differ  only  by  the  total  amount  of  oxygen  with 
which  they  are  able  to  combine  when  the  acidity  is  changed.  The 
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TABLE  III 

nitsociation  of  Tautog  Blood  Equilibrated  at  25°  C. 


Experi- 
ment * 

02 

1':   ->ure 

'     'Kent 

0- 

Combined 

02 

(  '.ip.icity 

Oi 

s.a  uration 

,  .  , 

l'rr--UK- 

CO2 

(  !i  nitcnt 

pH 

6t 

m  m  . 
Hg. 

9.56 

vol. 

f>fr  i  fut 

1.45 

vol. 

per  cent 

1.42 

vol. 

per  cent 

9.66 

per 

cent 

14.7 

m  m  . 

//s'. 

12.60 

vol. 

per  cent 

56.1 

7.86 

13.13 

3.04 

2.99 

30.9 

12.5 

55.0 

7  S5 

14.23 

3.07 

3.02 

31.3 

11.80 

55.1 

7  SS 

21.8 

4.90 

1  S2 

50.0 

10.97 

52.4 

7.  SO 

38.7 

7.07 

6.93 

71.7 

10.02 

50.2 

7.01 

42.9 

7.73 

7.58 

7S.5 

10.35 

50.1 

7.90 

84.2 

9.09 

8.79 

90.7 

9.59 

49.1 

7.92 

2 

12.9 

1.17 

1.12 

S.74 

12.7 

9.13 

15.05 

7.41 

15.2 

1.52 

1.47 

16.7 

7.62 

13.50 

7.45 

22.6 

1.97 

1  .M 

21.5 

7.89 

14.35 

7.46 

46.7 

4.24 

4.06 

46.1 

8.08 

12.33 

7.38 

70.1 

5.10 

4.85 

55.0 

7.98 

12.12 

7.38 

155. 

7.33 

6.80 

77.2 

5.73 

9.50 

7.41 

276. 

8.92 

7.95 

90.2 

5.11 

8.06 

7.40 

4 

in.  4 

1.38 

1.32 

9.39 

14.2 

25.8 

26.1 

7.  is 

52.5 

2.89 

2.71 

29.1 

26.3 

26.3 

7.17 

109.5 

4.89 

4.50 

47.9 

19.86 

22.3 

7.23 

152.5 

5.62 

5.08 

54.1 

21.1 

22.2 

7.20 

214.5 

6.45 

5.69 

61.1 

18.8 

20.8 

7.22 

268. 

7.08 

6.13 

65.9 

19.3 

20.5 

7.20 

381. 

8.37 

7.02 

75.5 

16.8 

17.S 

7.20 

3 

13.9 

1.10 

1.05 

7.66 

13.7 

118.8 

36.8 

6.54 

30.5 

1.78 

1.67 

21.8 

116.6 

36.2 

6.54 

53.8 

2.30 

2.11 

27.5 

IIS.  5 

36.5 

6.54 

87.9 

2.59 

2.28 

29.7 

137.4 

38.9 

6.48 

124.7 

3.14 

2.70 

35.3 

130.2 

36.6 

6.48 

147.0 

3.46 

2.94 

38.4 

106.8 

33.6 

().55 

150.8 

3.36 

2.83 

37.0 

130.7 

36.8 

(..Is 

163.8 

3.61 

3.03 

39.5 

117.6 

36.5 

6  51 

309.0 

4.62 

3.52 

15.  s 

123.0 

36.4 

6.51 

625.0 

5.91 

3.69 

48.0 

134.2 

37.6 

6.46 

5J 

23.3 
59  f. 

O.S2 
1.34 

0.74 
1.20 

9.54 
8.38 

7.74 
14.3 

107.3 

104.5 

14.33 

15.10 

5.73 
5.S7 

54.2 

1.39 

1.20 

7.S7 

15.2 

106.0 

13.60 

5.67 

-l  9 

1.55 

1.26 

7.77 

16.2 

L10.8 

14.49 

5.71 

101.8 

2.25 

1.89 

S.44 

22.4 

107.0 

14.04 

5.82 

155.0 

2.33 

1.78 

S.OO 

22.31 

10').  s 

14.  is 

5.69 

670.0 

5.06 

2.68 

S.52 

31.4 

10S.2 

14.46 

5.76 

h  fxpi-riim-iit  number  represents  measurements  made  on  a  single  collection 
1. 1'  1  ill  Kid. 

^•idiiim  liiciirlxinaii-  added  to  the  blood. 
t  I  tdded  i"  tin-  blond. 
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FIG.  3.     For  explanation  of  this  figure,  see  text. 
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FIG.  4.     Oxygen  dissociation  curves  at  constant  pH  of  the  blood  of  the  tautog. 
The  curves  have  been  drawn  according  to  equation  (3)  using  the  following  constants: 


pH 

CM 

02 

ao 

Ki 

K2  X  10= 

l/Ki 

l/Kt 

7.89 

0 

1.0 

0 

.19 

232 

7.41 

.5 

.5 

0 

.0286 

.0156 

35 

802 

7.20 

1.0 

0 

0 

.008 

125 

6.51 

.5 

0 

.5 

.022 

45 

5.75 

.3 

0 

.7 

.022 

45 

J98 
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more  acid  curves  for  tautog  blood  are  rectangular  hyperbolae  and  K\ 
is   the   same   at    pH    6.5   and    6.1    although    the   oxygen   capacity   is 


100 


100  200 

OXYGEN     PRESSURE 


300 


FK;.  5.     Oxygen  dissociation  curves  of  the  blood  of  the  goosefish  at  constant  pi  I. 
The  curves  have  been  drawn  according  to  equation  (3)  using  the  following  constants: 


PH 

ori 

ai 

00 

A, 

A'  . 

l/  A'  i 

l/A'j 

8.14 

0 

1.0 

0 

.05 

4.47- 

7.55 

.25 

.75 

0 

.067 

.0011 

15 

30a 

7.07 

.45 

.55 

0 

.04 

.0004 

25 

502 

7.04 

.50 

.50 

0 

.04 

.000  15S 

25 

802 

6.84 

.88 

0 

.12 

.0131 

76 

6.80 

.80 

0 

.20 

.0131 

76 

6.12 

.54 

0 

.46 

.0131 

76 

diminished.     The  same  is   true  of   the  goose  tish    Mood   at   pH   6.84, 
6.80,  and  6.12. 

The  change  in  the  position  of  the  curves  with  pH  is  very  marked 
in  thr-r  bloods  as  well  as  in  that  of  tin-  toad  fish.  In  the  tautog  there 
is  .ID  additional  phenomenon.  The  oxygen  dissociation  constant  for 
the  curve  at  pH  7.2  is  considerably  smaller  than  that  for  the  curves  at 
louri  jill  values.  That  is,  at  first  the  curves  are  shifted  to  the  right 
with  incrraHiig  acidity  but  at  higher  acid  concentrations  there  is  a 
trvri-.il  of  the  effect.  A  similar  reversal  of  the  Bohr  effect  was  found 
by  l\on,i  ,ind  Ylppo  (1916)  working  on  dog  blood,  by  Ferry  and  Green 
iT'2'')  for  horse  hemoglobin,  and  by  Stedman  and  Stedman  (1926) 
•  UK!  Ilo-J.rn  (1<)26)  for  crustacean  hemocyanin. 
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The  most  interesting  single  characteristic  of  these  curves  is  the 
change  in  shape  from  a  rectangular  hyperbola  to  a  sigmoid  curve. 
Unlike  the  toadfish,  in  which  one  component  behaves  as  though  n  ----  2 
and  one  component  as  though  n  =  1  at  all  pH  values,  the  change  in 
shape  must  be  due  to  a  change  in  behavior  of  the  component  groups. 

Thus,  whatever  the  theory  used  as  a  basis  for  the  description  of 
the  curves,  it  may  be  observed  that  acidity  has  a  threefold  effect  on 
the  blood;  first,  a  change  in  the  value  of  the  oxygen  dissociation 
constant,  second,  a  decrease  in  oxygen  capacity,  third,  a  change  in  the 
shape  of  the  curves  describing  the  equilibrium  with  oxygen. 

THEORETICAL  DEDUCTIONS  CONCERNING  THE  Loss  IN  OXYGEN 
CAPACITY  IN  ACID  SOLUTIONS 

Henderson  (1920)  has  shown  that  the  effect  of  acid  on  the  com- 
bining power  of  hemoglobin  with  oxygen  could  be  described  in  terms  of 
four  mass  law  expressions;  one  for  the  combining  power  of  oxygen  with 
acid  hemoglobin,  HHb,  one  for  oxygen  with  salt  hemoglobin,  BHb, 
and  one  each  for  the  acid  dissociation  of  oxygenated  and  reduced 
hemoglobin,  HHbO2  and  HHb  respectively.  Thus  the  ease  with  which 
oxygen  combines  with  hemoglobin  depends  upon  the  dissociation  of 
the  latter  as  an  acid  and  oxyhemoglobin  is  a  stronger  acid  than  reduced 
hemoglobin. 

The  situation  becomes  rather  complicated  when  more  than  one 
molecule  of  oxygen  is  considered  to  combine  with  one  molecule  of 
hemoglobin.  By  making  certain  assumptions  concerning  the  inter- 
dependence of  the  four  prosthetic  groups,  it  is  possible  to  derive  an 
expression  predicting  the  relation  between  oxygen  capacity  and 
hydrogen  ion  concentration  exhibited  by  the  data  in  Fig.  1.  By 
making  a  few  assumptions  it  is  possible  to  explain  this  phenomenon  of 
reversible  loss  of  oxygen  capacity  in  relatively  simple  chemical  terms. 
The  fundamental  conception  is  that  the  oxygen  combination  is 
intimately  dependent  upon  the  acid  dissociation  of  the  hemoglobin  as 
in  mammalian  blood,  but  that  the  effect  is  so  exaggerated  that  oxygen, 
at  ordinary  oxygen  tensions,  will  not  combine  with  the  hemoglobin 
unless  the  latter  is  in  the  ionized  state.  This  is,  of  course,  not  the 
only  possible  theory  but  it  is  set  forth  here  as  a  simple  interpretation  of 
the  mechanism  of  a  phenomenon  apparently  very  different  from  our 
usual  conception  of  the  equilibrium  between  oxygen  and  hemoglobin. 

Let  it  be  assumed : 

1.  That  each  hemoglobin  molecule  contains  four  groups  capable  of 
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combining  with  oxygen  and  that  each  of  these  groups  is  associated 
with  the  dissociation  of  two  hydrogen  ions.2 

2.  Assume  further  that  only  the  ionized  prosthetic  groups,  that  is, 
the  groups  from  which  hydrogen  ions  have  been  dissociated,  can  com- 
bine with   oxygen.3     Then   in   the   presence  of  oxygen   sufficient   to 
combine  with  all  the  ionized  hemoglobin  the  number  of  forms  present 
is    reduced    to    H8Hb,    H6HbO2=,    H4Hb(O2)2=,    H2Hb(O2)3ss,    and 
Hb(O2)4". 

3.  Assume  finally  that  the  first  two  pairs  of  H  ions  dissociate  from 
the  hemoglobin  separately  but  the  last  two  pairs  dissociate  in  a  single 
step;  then  there  never  is  present  an  appreciable  amount  of  the  form 
which  can  combine  with  three  molecules  of  oxygen.     This  is  in  accord- 
ance with  the  usage  of  equation  (3)  as  applied  to  the  oxygen  dissocia- 
tion curves  of  toadfish  blood. 

The  equilibrium  reactions  for  the  acid  and  oxygen  dissociation  of 
the  hemoglobin  molecule  according  to  these  restrictions  are  re- 
duced to 


H8Hb  --=  H6Hb=  +  2H+  H6Hb=  +  O2  ==  H6Hb(O2)= 

H6Hb(O2)=   =  H4HbO2==  +2H+       H4HbO2=    +  O2  ==  H4Hb(O2)2== 
H4Hb(02)2==  =  Hb(02)2s=  +  4H+      Hb(02)2==  +  2O2  -  Hb(O2)4== 

If  the  oxygen  tension  is  sufficiently  high  to  convert  practically  all 
of  the  hemoglobin  from  which  the  hydrogen  has  been  dissociated  into 
the  corresponding  oxygenated  form,  the  intermediate  product  of  each 
pair  of  equations  is  never  present  in  appreciable  amount  and  the 
following  equilibrium  reactions  and  mass  law  expressions  may  be 
assumed  to  describe  the  limiting  conditions: 

H8Hb  =  H,HbO,-  + 
H.HbO,-  =  H,Hb(0,),- 


mwn  1  -     -u       +  [Hb(O2)4—] 


rt  "  [TF 

-  The  assumption  that  the  combination  of  each  oxygen  molecule  is  accompanied 
l>y  the  dissociation  of  two  hydrogen  ions  is  in  accordance  with  the  finding  of  Ferry 
.uid  co-workers  (1929)  that  A'i  in  equation  (2),  as  applied  to  horse  hemoglobin  and 
lieep  blood,  varies  with  the  square  of  the  hydrogen  ion  concentration,  and  with 
the  observation  of  Krdtk-ld  and  Ingalls  (1932)  that  the  oxygen  dissociation  constant 
fur  certain  hemocyanins  also  varies  with  the  square  of  the  hydrogen  ion  concen- 
tration 

I  'his  also  has  a  parallel  in  the  hemocyanins,  where  the  addition  of  acid  produces 
a  colorless  c'>m|i'nnid  incapable  of  combining  with  oxygen.  See  the  end  of  this 
cliscu- 
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The  relative  concentrations  of  the  different  forms  present  at  any  given 
pH  may  be  readily  calculated  either  by  the  logarithmic  form  usually 
employed  in  treating  titration  curves  or  in  an  algebraic  form  similar 
to  the  oxygen  dissociation  equations.  Thus  for  the  first  equilibrium 
if 

[H8Hb]  +  [H6HbOr]  =  1, 
then 


ei  !  r          n  =n  i 

1     -  [H6Hb02=]  "  [H+J  c  '  [H+]2  +  K, 

and  similarly  for  the  other  expressions, 


The  total  amount  of  oxygen  bound  at  any  given  pH  is  the  sum  of  all 
of  the  oxygenated  forms. 

H6HbO2=  +  H4Hb(O2)2=  +  Hb(O2)4== 

Since  only  one  quarter  of  the  total  oxygen  bound  can  be  in  the  form 
H6HbO2=,  the  concentration  as  derived  from  the  equilibrium  expression 
must  be  multiplied  by  0.25  as  must  also  the  concentration  of 
H4Hb(O2)2=,  while  the  concentration  of  Hb(O2)4s==  must  be  multiplied 
by  0.50.  Substituting  these  values  and  the  mass  law  expressions  for 
the  various  oxygenated  forms  the  total  oxygen  combined,  Z,  becomes 

7  =    2S          Kl  I 

"    '  ~  •^•°  rt_r-i--|2    i     rr      > 


[H+]2  +  Kl         *  [H+]2  +  K,         u  [H+]4  +  KzK< 

In  applying  these  equations  to  the  data  in  Fig.  1,  it  must  be  kept 
in  mind  that  the  shape  of  the  oxygen  dissociation  curves  indicates 
that  the  hemoglobin  would  combine  with  slightly  more  oxygen  if  the 
oxygen  tension  were  sufficiently  increased.  The  theoretical  oxygen 
capacity  may  be  calculated  in  the  more  acid  range  because  the  curves 
are  simple  rectangular  hyperbolae  and  in  all  three  bloods  the  oxygen 
dissociation  constant  has  the  same  value  in  the  most  acid  curves. 
If  it  be  assumed  that  the  constant  is  the  same  at  intervening  and  lower 
pH  values,  knowing  the  oxygen  tension  and  the  concentration  of 
oxygenated  hemoglobin,  it  is  possible  to  calculate  the  limiting  amount 
of  oxygen  with  which  the  hemoglobin  can  combine  at  these  reactions. 
These  values  have  been  calculated  using  the  data  given  in  Fig.  1  for 
the  goosefish  below  pH  6.8  where  KI  •-•-  .013,  for  the  tautog  below 
pH  6.55  where  K^  =  .022,  and  for  the  toadfish  below  6.5  where 
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KI  -'-  .047.  At  higher  pH  values  the  capacities  have  been  calculated 
somewhat  less  accurately.  The  points  between  pH  6.55  and  6.96  for 
the  tautog  have  been  calculated  using  the  KI  values  at  both  these 
reactions,  then  averaging  the  results  which  are  then  ±  2  per  cent  of 


100 


-• 


U75 

Q. 

U 

2~ 

U 
X 
X 

o 


35 


N 


GOOSE  F.I5H 


TAUTOG 


/^ 


TOAD  FI5H 


,H 


,H 


,H 


FIG.  6.     The  oxygen  capacity  of  certain  fish  bloods.     The  points  are  calculated 
as  described  in  the  text: 

•     from  the  blood  equilibrated  with  oxygen  as  given  in  Fig.  1. 
O     from  the  blood  equilibrated  with  air  as  given  in  Fig.  1. 
D      from  the  oxygen  dissociation  curves  in  Figs.  2,  4,  and  5. 

The  curves  are  drawn  according  to  equation  (4). 

the  correct  value.  At  oxygen  tensions  of  700  mm.  the  first  half  of 
the  toadfish  hemoglobin  is  practically  saturated  and  the  capacity 
between  pH  6.55  and  7.0  has  been  calculated  according  to  equation  (3) 
using  KI  as  3.33  X  10~6.  All  of  the  calculated  points  are  represented 
in  Fig.  6. 

The  curves  in  this  figure  are  drawn  according  to  equation  (4)  where 
and  ^ 


Ki  are  for  the  goosefish  1()-5-1  and  10  '"65  respectively; 
for  the  tautog,  1()-5-93  and  10  t;-95  respectively,  and  for  the  toadfish 
10~'  and  lO"6-*  respectively.  ^Ki  is  approximately  10~5  for  the 

I  ml  is  too  large  to  be  determined  for  the  other  two  fisho. 
Tin-  applicability  of  this  type  of  equation  to  the  oxygen  capacity 
the  interpretation  of  the  oxygen  dissociation  curve  as  de- 
\  doped  in  the  case  of  the  toadfish.  The  equation  is  also  adequate  to 
dcM-ribc  the  relation  observed  in  tautog  and  goosefish  blood,  although 
the  asMimptions  iiM'd  in  deriving  curves  to  describe  the  oxygen 
equilibrium  are  ^onu-what  different  from  tlioM-  employed  for  toadfish 
Tin-  difference  suggest-  that  in  some  cases  there  may  be  an 
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interdependence  of  the  acid  dissociation  of  the  prosthetic  groups  which 
is  not  paralleled  by  an  interdependence  in  the  combination  of  oxygen. 

The  most  important  implication  of  the  curves  in  Fig.  6  is  the  same 
as  that  derived  from  the  undulatory  character  of  the  oxygen  dissocia- 
tion curves  of  the  toadfish,  namely,  hemoglobin  contains  prosthetic 
groups  differing  in  their  behavior  with  respect  to  hydrogen  dissociation 
and  oxygen  combination. 

The  evidence  for  this  is  the  inflection  of  the  tautog  and  toadfish 
curves  at  50  per  cent  saturation  and  the  actual  break  in  the  goosefish 
curve  at  the  same  point.  Thus  the  effect  of  the  addition  of  acid,  as 
originally  suggested  (Root,  1931),  may  be  interpreted  as  the  in- 
activation  of  prosthetic  groups  on  the  hemoglobin  molecule.  This 
inactivation  is  probably  due  to  the  undissociated  character  of  the 
hemoglobin  as  an  acid,  oxygen  combining  with  only  the  ionized  form 
of  hemoglobin. 

A  similar  inactivation  of  respiratory  pigment  in  the  presence  of 
acid  has  been  described  by  Redfield,  Mason,  and  Ingalls  (1932).  The 
hemocyanin  of  Limulus  polyphemus  reacts  with  hydrochloric  acid  to 
form  a  component  that  is  colorless  and  does  not  react  with  dissociable 
oxygen.  The  colorless  component  may  be  separated  from  a  partially 
acidified  hemocyanin  solution  by  the  addition  of  a  strong  solution  of 
sodium  chloride.  When  such  a  separation  has  been  effected,  analysis 
of  the  nitrogen  in  the  filtrate  indicates  that  its  protein  content  has 
been  diminished  to  just  such  an  extent  as  the  hemocyanin  has  been 
decolorized.  Here,  also,  the  combination  of  each  oxygen  molecule 
appears  to  be  dependent  upon  the  dissociation  of  two  hydrogens,  for 
the  oxygen  dissociation  curves  are  rectangular  hyperbolae  and  the 
equilibrium  between  hydrochloric  acid,  hemocyanin,  and  the  resulting 
colorless  component  may  be  described  by  an  equation  in  which  the 
hemocyanin  is  behaving  as  a  divalent  acid  or  base. 

We  wish  to  express  our  thanks  to  Professor  Alfred  C.  Redfield  for 
his  generous  interest  and  direction  throughout  the  course  of  this 
investigation. 

SUMMARY 

1.  The  oxygen  dissociation  curves  of  the  blood  of  certain  marine 
teleosts,  the  toadfish,  the  goosefish,  and  the  tautog,  have  been  studied. 

2.  The  oxygen  dissociation  curves  for  the  toadfish  are  undulatory 
in  character  with  two  areas  concave  to  the  abscissa.     The  second 
inflection  begins  at  approximately  one  half  saturation. 

3.  The  oxygen  dissociation  curves  for  the  goosefish  and  the  tautog 
change  shape  with  change  in  pH.     At  alkaline  reactions  the  curves 
are  sigmoid  whereas  in  acid  solutions  they  are  rectangular  hyperbolae. 
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4.  The  form  of  the  oxygen  dissociation  curves  at  constant  pH  can 
be  described   by   Hill's   equation   only   under   a   limited   number   of 
circumstances.     The   curves   for   the   toadfish    may   be   described   in 
terms  of  equations  derived  from  the  assumption  that  each  molecule  of 
hemoglobin  combine?  with  four  molecules  of  oxygen. 

5.  The  position  ot  the  dissociation  curves  of  all  of  these  fish  bloods 
is  markedly  affected  by  pH,  and,  in  addition,  with  increasing  acidity 
the  oxygen  capacity  is  reduced. 

6.  The  manner  in  which  the  addition  of  acid  lowers  the  oxygen 
capacity  may  be  deduced  from  the  assumption  that  oxygenation  is 
dependent  upon  the  dissociation  of  hemoglobin  as  an  acid. 
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OBSERVATIONS  UPON  STENOSTOMUM  CESOPHAGIUM 

WM.  A.  KEENER,  JEANETTE  S.  CARTER,  AND  MARGARET  HESS 
MILLER  SCHOOL  OF  BIOLOGY,  UNIVERSITY  OF  VIRGINIA 

The  genus  Stcnostoiimin  has  been  studied  frequently  since  its  first 
species  was  described  by  Ant.  Duges  in  1828  as  Dcrostoma  leucops. 
There  is  considerable  confusion  in  the  records  concerning  the  anatomy 
and  life-history  of  the  species  of  this  genus.  Our  observations  have  to 
do  with  certain  anatomical  details  and  phenomena  dealing  with  sexual 
propagation. 

MATERIAL  AND  METHODS 

The  species  S.  ocsophagiwn  was  described  by  Kepner  and  Carter  in 
1930,  their  description  being  based  upon  the  first  of  the  two  clones  em- 
ployed by  us.  This  first  clone  arose  from  an  individual  collected  in 
September,  1929.  and  was  maintained,  in  numerous  lines,  until  July. 
1930,  when  it  died  during  the  intense  heat  of  the  season.  The  second 
clone  was  established  from  a  collection  made  in  the  last  week  of  Au- 
gust, 1930.  At  the  present  writing,  December,  1932,  this  clone  is  still 
running.  Cultures  have  been  maintained  in  wheat  infusions,1  little  at- 
tention being  paid  to  the  hydrogen  ion  concentration.  The  range  of  pH 
for  satisfactory  cultures  is  from  5.6-7.6.  Our  most  thrifty  specimens 
have  appeared  in  culture  media  that  were  on  the  acid  side  as  low  as 
pH  6.3. 

The  best  material  for  sectioning  was  obtained  by  using  hot  (about 
50°  C.)  Zenker's  fluid.  Iron  ruematoxylin,  with  eosin  as  a  counter- 
stain,  was  employed  for  the  most  part. 

GENERAL  ANATOMY 

The  spindle-shaped  body  of  this  species  measures  about  1.5  mm.  in 
length  when  no  obvious  fission  plane  is  present.  A  specimen  that  has 
experienced  inanition  is  colorless.  A  well-fed  individual,  on  the  other 
hand,  has  a  yellow-brown  tint  due  to  the  presence  of  absorbed  food 
within  the  enteric  epithelium.  There  are  three  external  apertures:  a 
ventral  sub-terminal  mouth ;  a  ventral  nephropore  near  the  middle  of 
the  caudal  region ;  and  a  dorsal,  male  gonopore  that  lies  over  the  mouth. 
The  body  is  covered  with  cilia. 

1  Four  grains  of  wheat  were  boiled  in  100  cc.  of  spring  water  and  inoculated 
with  bacteria,  rotifers,  and  protozoa. 
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The  epidermis  bears  numerous  rhabdites  (Fig.  !/>',  r)  which  lie  in 
slender,  parallel  groups  at  the  bases  of  the  epidermal  cells  and  expand 
distally  to  become  almost  uniformly  distributed  beneath  the  outer  sur- 
face of  the  epidermis.  In  the  fixed  condition,  the  epidermis,  from  which 
the  rhabdites  have  been  discharged,  shows  deeply-staining1  chromatic 
lines  (  Fig.  2,  /)  that  converge  in  each  cell  to  form  a  common  stem  lying 
bv  the  nucleus.  However,  these  common  stems  show  no  morphological 
connection  with  the  nuclei. 

The  alimentary  canal  consists  of  a  mouth,  pharynx,  oesophagus,  and 
enteron.  These  are  all  lined  with  a  ciliated  epithelium.  The  wall  of 
the  pharynx  (  Figs.  1  and  3,  pli ),  is  more  muscular  than  that  of  the  ceso- 
phagus.  Furthermore,  many  unicellular  glands  (  Fig.  3,  /><-/)  are  loosely 
applied  to  the  outer  surface  of  the  pharynx.  These  glands  open  into 
the  lumen  of  the  pharynx  at  its  anterior  end  directly  behind  a  small, 
dorsally  directed  diverticulum  (Fig.  3,  </).  None  of  these  glands  crowd 
back  oxer  the  (esophagus  (Figs.  1  and  3,  a').  Food-objects  are  de- 
livered by  the  pharynx  to  the  oesophagus,  where  they  are  held  for  a 
time  before  they  are  passed  on  to  the  enteron.  A  sphincter  guards  the 
pa-^agewav  between  these  two  regions  of  the  alimentary  tract.  The 
enteron  is  an  oval  sac  with  a  lining  of  ciliated  endodermal  cells.  This 
epithelium  (Figs.  1  and  3.  en)  in  the  living  animal,  under  the  usual 
vegetative  conditions,  presents  a  densely  granular  appearance.  It  is 
made  up  of  tall,  ciliated  columnar  cells  (Fig.  4.  cue),  which  may  leave 
the  epithelium  and  pass  out  into  the  pseudocode.  Figure  4  shows  a  cell 

Explanation  of  Figures.  Plate  I 

Fir,.  1.     ./.  Dorsal  aspect  of  a  living  specimen,     en.  enteron;  nn/s.  male  genital 
system;  or,  oesophagus;   oi\  <>-•',  07'",  ovaries;   />/;,  pharynx;   f>n.  protonephridium. 
<  80.     After  Kepner  and  Carter   (1930). 

/>'.    Region  of  living  epidermis  showing  cilia   (Y/),  and  rhabdites   (r). 

FIG.  3.  Sagittal  section  involving  median  plane.  </.</.  accessory  gland  of  male 
L'(  nital  atrium;  />.  tlexed  part  of  protc  mcphridium  ;  r.  neural  commissure;  (/.  dorsal 
divcrticulum  oi  pharynx;  /.  capillary  region  of  protonephridium;  en.  enteron;  »/.<//>, 
male  genital  pore:  «r.  (esophagus  ;  ov,  ovary;  />.  penis:  /v,  phagocyte;  f><i,  glands 
nf  pharynx;  />/;,  pharynx;  />>;.  main  stem  of  protonephridium;  /,  testis.  X  80. 

FK,.  4.  A  region  involving  epidermic.  pseudooele,  and  endoderm  of  a  living 
-ln-(  imni  as  seen  under  water  immer--ion  objective.  </,  a  wandering  cell  leaving 
•  pithcliuin  of  entermi.  loaded  with  small  bodies  that  it  had  taken  up  within  the 
endoderm  ;  </'.  a  similar  cell  that  lies  \\ithin  the  pseudocode ;  c,  endodermal  cell  leav- 
ing tin  epithelium,  later  its  projecting  end  was  sheared  off;  cue,  endermal  cell;  inc. 
muscle  celK;  /v.  phagocyte,  which  at  y  had  ingested  the  fragment  of  endodermal 

that   had  been  broken   from  .r. 

I  )ors.-il   aspect   of  a   specimen   that   had  but   recently  deposited  an  egg. 
.    flame-cell;    </''»'.    granular    material    within    the    very    thin-walled    enteron;    me, 
musi  I.-  cells;  /v.  phagocytes;  {•»,  region  of  protonephridium  distended  by  granular 
inclusions.      */,.  <n,. 
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that  was  leaving  the  epithelium  while  being  observed  under  a  water  im- 
mersion objective.  The  shearing  movements  of  the  body-wall,  however, 
tore  the  projecting  part  from  the  cell.  This  fragment  of  endodermal 
cell  was  soon  ingested  by  the  phagocyte  (/>c).  which  lay  near,  with  the 
result  shown  in  Fig.  4  at  y.  Between  the  ciliated  cells  of  the  enteron's 
epithelium  other  small  cells  mav  be  found.  We  have  seen  these  small 
cells  appropriate  refractive  bodies,  as  they  lay  within  the  enteric  epi- 
thelium, and  then  migrate  from  the  wall  of  the  cnteron  into  the  pseudo- 
code as  shown  in  Fig.  4  at  a  and  (/'.  This  is  taken  up  in  greater  detail 
by  J.  S.  Carter  (  1933). 

There  are  two  bi-lobed  cephalic  ganglia,  lying  anterior  to  the  mouth, 
with  their  larger  anterior  lobes  in  contact  with  the  ciliated  pits.  An 
"  eye-spot  "  is  attached  to  each  posterior  lobe.  The  cephalic  ganglia  are 
connected  by  a  transverse  commissure  (Fig.  3.  c) . 

The  protonephridium  (Figs.  1  and  3.  fn  )  's  a  conspicuous  organ  of 
the  pseudocu-le.  This  protonephridium  convicts  of  two  regions.  (Ha 
main  stem  and  (2)  a  capillary-like  portion.  The  main  stem  is  the  more 
conspicuous  because  of  both  its  relative  si/e  and  density.  This  entire 
organ  lies  in  the  mid-line,  dorsal  to  tlie  organs  of  the  pseudocode,  except 
where  it  pas.ses  beneath  the  neural  commissure.  Anterior  to  this  com- 
missure1, the  protonephridium  is  bent  upon  itsell.  This  deflection  (Fig. 
3.  /'  )  marks  the  boundary  between  the  two  regions  of  the  protoneph- 
ridium. The  main  stem  has  a  thick  cytoplasmic  wall  within  which  lie 
many  nuclei,  but  in  which  no  cell  boundaries  have1  been  seen  either  in 
fixed  or  living  material.  The  deflected  part  of  tin-  protonephridium  ap- 
pears to  hi-  a  thin-walled  syncytium.  This  capillary-like,  posteriorly  de- 
flected region  lies  ventral  to  the  main  stem  and  is  closely  applied  to  it  at 
irregular  intervals.  It  receives  scattered  branches  that  have  a  similar 
-tructure.  It  is  into  this  capillary-like  portion  of  the  protonephridium 
that  the  tlame-cells  (Figs.  3  and  5.  M  empty.  The-  anatomy  of  the 

Explanation  <>f  Fimires.  Plate  II 

FlG.  6.  A  phagocyte  lyin«j  over  a  peripheral  muscle  cell    On).      X  440. 

FlG.   7.  A  median  sagittal  section  of  male  reproductive  system,     fir/,  accessory 

yland:  limp,  male  gonopore;  /\  peni-  ;  \/>,  spermaliiK:  sv,  seminal  vesicle;  /.  tesiis. 
X  41'.. 

l;i<  Ventral  aspect  of  a  sp< cimen  that  had  1ml  recently  deposited  an  egff. 
in.  month;  vo,  mescnchymal  structure  left  in  region  in  which  e«'jr  had  lain.  X  80. 

\-'M..  ''  A  copnlatinu  pair  in  which  the  lari-er  male  is  anchored  to  the  anterior 
ri^ht  -ide  of  the  smaller  one  !>y  the  former's  slender,  colorless  penis. 

l-'n..    I".  Lateral  aspect  of  mature   female.      \ote  reduced  anterior  or  cephalic 

region.  ,  i  iner^inu  as  peristaltic  waves  travel  towards  it  (indicated  hy 
arrow 

11.  \    phagocyte    that    has    invested    a    muscle    cell.     m.   muscle    cell;    ;/. 

nil'  le.         •    440. 
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protonephridium  of  this  Stcnostoiinnii  is.  therefore,  similar  to  tliat  de- 
scribed for  .V.  Icucops  by  \Yestblad  (1923).  ( iranular  material  has  been 
observed  frequently  \vithin  the  ciliated  lumen  of  the  thick-walled  region 
hut  never  within  the  lumen  of  the  thin-walled  region.  This  observation 
.support-  Keisinger's  (  1('22.  1(.»23)  statement  that  the  thick-walled  re- 
gion has  an  excretory  function,  while  the  thin-walled  region  has  a  rilt<  r- 
ing  function. 

Slender,  non-striated,  muscle-cells  are  a.ssoeiated  with  the  body-wall. 
the  walls  of  the1  enteron.  o--ophagus.  and  pharynx:  while  others  '  Fi'_rs.  3 
and  5.  me  )  radiate1  from  the  alimentary  canal  to  the  body-wall. 

Several  types  of  leucocytes  (  Figs.  3.  4.  and  5.  /v  )  drift  more  or  less 
passively  within  the  pseudooelomic  fluid  or  crawl,  ami  eba-like.  o\er 
surtaces  of  muscle  cells,  between  epithelial  cells  or  to  and  into  any  other 
regions  of  the  body.  Figures  o  and  11  show  two  of  these  leucocytes. 

The  gonads  also  lie  within  the  pseudocode. 

l\Ki'Koi>rrnvK  (  )R<;.\.\S 

Yejdovsk\  (  1SSO)  was  the  first  to  have  seen  the  male  reproductive 
s\stem.  but  he  failed  to  recogni/.e  it  as  such  and  designated  it  the  "  ovale 
Drn-«  "  \'on  (irat'f  (1SS2)  described  oulv  the  female  organs,  \\-hile 
Sillimann  (  1SS5  t  saw  tin-  testis  and  expressed  the  opinion  that  the 
"ovale  Drnse  "  of  Yejdovsky  was  a  sex  organ.  Yoi^t  (IS'M)  reco^ 
nixed  both  male  and  female  gonads;  while  Keller  (IX'M-i  gives  a  de 
.script ion  of  both  the  testis  and  the  ovary.  Landsbcrg  (1XS7)  records, 
lloden  -ah  ich  in  derselben  Kette.  in  der  sich  auch  das  (  )varium 
befand."  Yoigt  MX()-h  likewise  obser\'ed  that  Stenostomum  was 
monoecious,  while  Sekera  (1(^03)  confirmed  these  observations.  \'on 
'  j  raft'  (l'M3)  states  that  'Die  *  ieschlechtsorgaiu-  sind  nur  teilweise 
bekannt  (s.  IXi.  Meixner  (1()24|  n-cords.  'llie/.u  sei  vorliiutli^ 
bemerkt.  dass  die-  dorsale  1  .age  der  nnnnlichen  Geschlechtsoffnung  im 
Vorderkorper  nur  fur  etwa  vier  Stenostomum- Art  en  erwiesen  ist  '  (  s. 
124).  Sonneborn  (  1(>30)  sa\'s.  "  LittU-  is  known  concerning  sexual  re- 
ppidurtion  in  these  organisms"  (p.  5(h.  Sabus>ow  C1X')/)  gave-  the 
mo-i  nearK  comjilete  description  of  the  male  reproductive  svstem.  lie 
'LMii/ed  five  parts  to  this  svstem  in  -S'.  Icuco^s:  (  1  )  a  single  testis: 
(2)  a  splicn,jda|  seminal  vesicle;  (3)  a  tubular  pi-nis.  lacking  chitin. 
measuring  "  1 3 //  long  and  11  //  breit  ";  (4)  a  penis-sheath;  and  (5)  a 
-mall  "  antnim  masculinum." 

he  male  reproductive  svstem  of  s'.  cesophaghun  corresponds  to  the 

'•rijitioii   of  that    of  .V.  Icncof^s  as  given   above  by   Sabussow    (1897). 

For  the  short  tubular  penis  depicted  and  described  by  this  author. 

\\ '•  fi"d  that  lyin^  within  the  terminal  duct,  or  neck,  of  the  male  organ 
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is  a  highly  muscular,  tubular  penis  (  Figs.  3  and  7,  [>).  This  occupies  a 
position  similar  to  that  oi  the  slime  (Sclil  ot  Sabussovv's  Tat.  5.  Fig.  1  ) 
which  this  author  depicts  and  describes.  We  are  therefore  inclined  to 
consider  that  Sabltssow  had  mistaken  the  real  penis  of  .S'.  lencops  for 
slime.  The  penis  is  an  inverted  tube  capable  of  being  everted.  Its 
base,  in  the  resting  condition,  gives  the  suggestion  of  a  short  tubular 
penis  with  a  shallow  penis-sheath.  In  reality  it  is  clearly  seen  that  in 
vS".  cesophagium  there  is  a  long  tubular  penis  and  that  the  penis-sheath 
shown  in  Sabussow's  Fig.  1  is  but  a  part  of  the  genital  antruni,  the  penis 
being  housed,  as  a  matter  of  fact,  within  the  muscular  seminal  vesicle 
(Fig.  7,  sr).  In  our  Fig.  7  some  spermaticls  are  shown  lying  dorsal  to 
the  penis  at  sp. 

Individuals  which  arise  from  eggs  in  the  laboratory  may  become 
sexually  mature,  as  males,  in  about  three  weeks.  For  example,  an 
individual  that  emerged  from  the  egg  on  December  16  was  found  to  be 
sexually  mature,  as  a  male,  on  January  6.  Sexually  mature  males  may 
propagate  asexually  for  many  generations  before  female  gonads  appear. 

There  are  no  gonoducts  associated  with  the  female  gonads.  When 
oogonia  are  first  seen  in  the  living  specimen,  they  lie  beneath  the  ventral 
mid-line  of  the  enteron  within  the  pseudocode.  The  growing  primary 
oocytes  become  enclosed  in  a  loose,  muscular  tunic  that  is,  in  turn,  sup- 
ported by  radiating  non-striated  myocytes.  This  rather  indefinite  ag- 
gregate of  cells  constitutes  the  ovary  (Fig.  3,  oi').  We  are  not.  as  yet. 
in  a  position  to  state  whether  the  oogonia  are  of  mesenchymal  or  of  endo- 
dermal  origin.  We  are  inclined  to  believe  that  they  are  diapeditic  cells 
of  the  enteric  epithelium.  This  subject  will  be  taken  up  by  one  of  us 
later. 

Sekera  (1903)  observed  that  during  the  development  of  the  "egg" 
four  cells  appear,  one  of  which  may  function  as  the  gamete  and  the  re- 
maining three  may  be  used  as  yolk  material.  Our  observations  show 
that  by  the  time  the  developing  ovary  becomes  discernible  in  the  living 
specimen,  it  is  composed  of  two  cells  (Fig.  1,  or).  After  it  has  grown 
but  a  little  more,  the  ovary  contains  four  equal  cells  (Fig.  1,  ov'  and 
ov").  The  gonad  suggests  the  appearance  of  an  embryo  of  four  blasto- 
meres.  These  cells,  however,  are  not  blastomeres.  Despite  the  fact 
that  there  are  thus  always  four  cells  in  an  advanced  ovary,  no  ovary 
gives  rise  to  more  than  one  zygote.  Only  one  of  the  four  cells  be- 
comes the  functional  gamete,  the  other  three  having  disappeared  before 
egg-deposition.  Both  Sekera  (1903)  and  Van  Cleave  (1929)  indicate 
that  at  least  the  first  cleavage  of  the  zygote  occurs  before  egg-deposition. 
We,  however,  are  not  in  a  position  to  confirm  this. 

A  single  ovary  usually  develops,  but  we  have  observed  as  many  as 
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seven  ovaries  develop  and  reach  maturity  in  a  given  worm.  The  ovary 
usually  lies  in  the  anterior  zooicl  in  specimens  that  present  both  a  fission- 
plane  and  an  ovary.  However,  specimens  have  been  found  frequently 
that  displayed  a  well-defined  fission-plane  with  an  ovary  in  each  zooid. 
In  these  examples  the  anterior  ovary  was  usually  the  more  advanced 
(larger). 

COPULATION 

There  being  no  female  gonoducts,  copulation  must  be  peculiar.  \Ye 
have  observed  two  cases  of  copulation. 

On  one  occasion,  while  a  specimen  that  showed  no  discernible  ovarv 
was  feeding,  a  second  individual  in  a  similar  sexual  condition  (lacking 
a  discernible  ovary,  but  possessing  a  complete  male  genital  system)  ap- 
proached the  mass  of  food  iu  such  a  way  that  its  left  anterior  region  lay 
near,  but  not  in  contact  with  the  anterior  end  of  the  first  animal.  The 
penis  of  the  first  animal  was  everted  with  a  high  velocity  so  that  its  end 
pierced  or  adhered  to  the  epidermis  of  the  second  male  specimen  (Fig. 
9).  Each  animal,  thereupon,  made  efforts  to  free  itself  as  the  two  were 
held  together  by  the  translucent  penis  of  the  first  animal.  Their  efforts 
eventually  resulted  in  separation.  The  penis  was  then  quickly  drawn 
back  into  the  seminal  vesicle. 

On  another  occasion  we  saw  a  similar  series  of  phenomena  differing 
only  in  that  the  point  of  contact  of  the  penis  with  the  second  animal's 
body  was  at  a  different  level  from  that  involved  in  our  first  observation. 

Yoigt  flS'H)  says,  "Die  mannlichen  Geschlechtsprodukte  reifen 
erheblich  iruber  als  die  weiblichen.  so  das>  eine  Selbstbefruchtung 
ausgeschlossen  erscheint  '  (s.  747).  Keller  (1894)  also  says.  'Die 
mannliche  Geschlechtsreife  tritt  erheblich  fruher  auf,  als  die  weibliche. 
Selbstbefruchtung  ist  somit  nicht  wohl  anxunehmen  "  (s.  398).  Sekera 
(1906)  says,  however,  ".  .  .  koninit  es  nach  der  Ansbildung  der  Dot- 
termasse  in  den  Kcim/cllen  xur  Selbstbefruchtung  in  der  \\'eise,  dass 
die  llodenfollikel  platxen  und  reife  Spcrmatoxoen  in  der  Lcihcshohle 
heriimschwarmcn,  bis  sic  in  die  einc  oder  andrc  Keim/elle  der  einfachen 
(  )varien,  welche  nur  aus  4  Keimxellen  bestelieii,  bineiu<lringen  und  xur 
. \usbildung  eines  Fichens  mit  dicker  Eischale  beitragen  "  (s.  142). 

Our  observations  of  copulation  support  the  opinion  of  the  first  two 
authors.  Furthermore,  since  copulation  took  place  between  individuals, 

li  of  which  had  no  discernible  ovary,  it  is  suggested  that  the  presence 
of  foreign  spermatozoa  may  be  necessary  for  the  development  of  latent 
inia.  This  suggestion  is  strengthened  by  the  fact  that  we  have  no 
definite  examples  of  isolated  individuals  becoming  sexually  mature  as 
females;  but  our  evidence  in  this  connection  is  not  sufficiently  extensive 
to  be  convincing. 
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The  absence  of  female  gonnducts  has  long  attracted  the  attention  of 
investigators.  Voigt  (1894)  states,  "  Nach  der  Kiablage  sterben  die 
Tiere  nicht  ab,  sondern  sie  fangen  schon  vor  Beendigung  derselben  an. 
sich  wieder  clurch  Teilung  fortzupflanzen  "  (s.  747).  Von  Graff  (  I(n3), 
Sekera  (1926),  and  Van  Cleave  (1929)  record  that  the  egg  is  dis- 
charged by  rupturing  the  epidermis,  resulting  in  the  death  of  the  parent. 
Carter  (1930)  observed  that  while  egg-deposition  brings  on  a  critical 
period,  it  is  not  necessarily  fatal  to  the  mother. 

We  have  observed  the  details  of  egg-deposition.  On  January  25. 
1931,  we  discovered  a  specimen  that  had  an  ovary  surrounded  by  a  trans- 
lucent shell.  The  ovary's  presence  caused  a  conspicuous  protuberance 
near  the  middle  of  the  animal.  The  region  in  the  immediate  vicinity  of 
the  ovary  displayed  great  and  sustained  muscular  contraction.  The  re- 
gions anterior  and  posterior  to  the  ovary  presented  peristalsis,  the  waves 
of  which  traveled  towards  the  large  ovary  (Fig.  10).  While  we  took 
turns  watching  this  specimen  (which  was  quiet,  except  for  the  peristal- 
sis), one  of  us  saw  the  epidermis  open  and  slip  back  over  the  egg  and 
close  behind  it  as  though  the  epidermis  were  an  elastic  membrane  with  a 
small  pore  through  which  the  egg  had  passed  by  distending  the  pore. 
The  pore  closed  after  the  egg's  passage  had  been  effected,  leaving  no 
wound  in  the  body-wall.  Neither  cells  nor  plasma  could  be  seen  to  have 
escaped  with  the  egg.  Within  the  pseudocode  lay  the  vestige  of  the 
muscular  tunic  of  the  ovary  (Fig.  8,  ro).  We  have  made  other  similar 
observations  of  egg-deposition. 

The  period  of  incubation  of  the  eggs,  under  laboratory  conditions. 
varies  greatly.  Van  Cleave  (1929)  obtained  two  incubation  periods  of 
twenty-five  days  each.  We  have  had  a  period  as  short  as  fifteen  days 
and  one  that  extended  well  over  a  month.  However,  few  eggs  deposited 
under  laboratory  conditions  developed. 

THE  INFLUENCE  OF  THE  FEMALE  GONADS  UPON  THE  PARENT 

The  ovary  has  a  marked  influence,  both  upon  the  life  of  the  clone 
and  that  of  the  individual,  for  its  presence  influences  both  the  fission- 
rate  and  the  anatomy  of  the  individuals.  Van  Cleave  (1929)  records 
that  fission  is  inhibited  by  the  ovary.  Landsberg  (1887),  on  the  other 
hand,  observed  chains  of  zooids  in  which  the  zooids  had  female  gonads. 
We  have  recorded  frequent  cases  of  fission  in  which  the  ovary  lay  in 
the  anterior  zooid  ;  so  we  may  say  that  when  an  ovary  appears  anterior 
to  an  incipient  fission-plane,  this  fission-plane  is  not  inhibited  in  all  cases  ; 
but  a  second  fission-plane  does  not  appear. 
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When,  however,  an  ovary  develops  posterior  to  the  fission-plane  the 
usual  events  may  not  occur  in  the  plane  of  division.  The  following  is 
an  example  of  such  influence  of  a  posterior  ovary.  January  24.  1931. 
we  discovered  an  animal  that  was  unusually  long  and  had  a  fission-plane. 
Ordinarily  a  specimen  with  an  advanced  li>^  ion -plane  measures  about  3 
to  4  mm.  in  length.  Tins  specimen,  however,  was  7  mm.  long.  Tin- 
posterior  xooid  had  a  conspicuous  ovary.  The  anterior  xooid  had  a 
minute  ovary  that  could  he  seen  onlv  with  high  magnification.  The 
fission-plane's  constriction  indicated  that  it  was  an  advanced  one.  but 
there  were  rudiments  neither  of  ciliated  pits,  pharynx,  cephalic  ganglia. 
nor  testis  posterior  to  this  plane  of  constriction.  There  was  a  .small 
testes  in  the  anterior  xooid.  The  cnteron  of  the  posterior  xooid  housed 
within  its  wall  refractive,  oval  bodies.  On  January  25  the  specimen  was 
indifferent  to  food.  The  posterior  ovary  had  grown  while  the  anterior 
one  had  not.  On  Januarv  26  the  posterior  ovarv  had  discharged  its  egg. 
the  xooid  showing  the  depression  within  which  the  egg  had  been  lying. 
The  anterior  ovary  had  not  grown,  but  by  January  27  tin-  anterior  ovary 
had  enlarged.  The  posterior  xooid  still  showed  the  displacement  ol 
tissues  that  had  been  caused  by  the  presence  of  the  ovary,  but  no  cephalic 
organs  had  developed.  On  January  28,  the  specimen  had  divided.  At 
this  time,  the  posterior  xooid  lacked  all  cephalic  organs.  However,  two 
weeks  later  this  posterior  xooid  bad  developed  a  pharynx,  ciliated  pits, 
and  cephalic  ganglia.  This  is  but  one  of  frequent  similar  examples  that 
we  have-  seen.  Thus  it  appears  that  when  an  ovary  is  more  advanced  in 
the  posterior  xooid.  the  formation  of  organs  or  differentiation  of  tissues 
in  the  region  of  the  fission-plane  is  inhibited. 

Sekera  (  l'K)3)  observed  "  I'.ald  darauf  hcginnt  auch  der  Pharynx  xn 
degenerieren  und  das  fndividuum  nimmt  kcine  Xahrung  auf.  indem  es 
durchsichtig  und  vcrkummert  x.u  wenlen  pflcgt  "  (s.  543). 

\\"e  have  tound  that  the  presence  of  a  developing  ovarv  makes  an 
increased  demand  for  material  that  must  be-  supplied  at  the  expense  of 
the  substance  of  the  body  as  a  whole.  The  leucoevtes  of  the  mcscnchyme 
increase  in  number  in  the  vicinity  of  the  pharvnx  as  the  ovarv  grows. 
These  become  phagocytic  and  attack  the  radiating  muscles  of  the-  pharynx 
and  ingest  them  (  big.  11).  This  phagocytosis  eventually  greatly  re- 
duces the  sj/e  of  the  pharynx  and  (esophagus  The  testis  completely 
disappears.  The  main  stem  or  thick-walled  region  of  the  protoneph- 
ridmm  is  n-sorhed  at  irregular  levels,  sometimes  leaving  only  an  enlarged 

k-like  region  C  Fig.  5.  pn)  as  a  vestige  of  the  main  stem,  and  the 
capillary  region  bearing  flame  cells  (  Fig.  5.  /' ) .  This  vestige  becomes 
greatly  distended  and  contains  a  dense  mass  of  minutelv  crystalline  ma- 
terial (T'ig.  5.  /i//).  With  advanced  phagocytosis,  the  wall  of  the 
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enteron  becomes  quite  thin  and  a  mass  of  granular  material  (Fig.  5. 
grin)  appears  within  its  lumen.  This  material  resemhles  that  found 
within  the  distended  anterior  region  of  the  main  stem  of  the  protoneph- 
ridium  at  this  time.  Tt  may  he  that  with  the  reduction  of  the  pharynx 
excreted  materials  can  no  longer  escape  by  it  and  thus  accumulate  within 
the  enteron  as  they  do  within  the  main  stem  of  the  protonephridium 
when  it  has  been  cut  off  from  the  exterior.  The  resorption  of  the  an- 
terior organs  may  be  much  more  extensive  than  is  indicated  in  Fig.  5. 
Frequently  all  of  the  cephalic  structures  have  been  resorbed. 

The  Turbellaria  are  usually  considered  to  represent  a  phase  in  the 
phylogeny  of  the  Annelida.  That  we  should  see  extensive  dediffer- 
entiation  associated  with  egg-formation  in  Steiwstoiintin  has  some  sig- 
nificance when  the  phenomenon  known  as  epitoky  in  the  annelids  is  con- 
sidered ;  for  it  lends  support  to  the  theory  that  Annelida  may  have  arisen 
from  Turbellaria. 

Some  experiments  were  made  to  test  the  hypothesis  that  the  reduc- 
tion of  the  cephalic  organs  was  necessary  in  order  that  material  may  be 
supplied  to  the  egg.  Specimens  were  taken  that  showed  incipient 
ovaries.  From  these  the  "  heads  "  were  removed.  In  each  case  the 
wound  healed,  but  no  new  "  head  "  was  formed  until  after  the  egg  was 
laid.  This  supports  van  Cleave's  (1929)  observation  that  reconstitution 
does  not  occur  in  female  specimens.  However,  the  loss  of  cephalic  tissue 
that  would  ordinarily  be  resorbed  did  not  inhibit  the  growth  of  the  ovary. 
In  all  cases  the  ovary  reached  maturity  and  an  egg  was  laid.  The  growth 
of  the  ovary  is  therefore  not  dependent  upon  the  resorption  of  the 
cephalic  organs.  It  is  suggested  that  the  degree  of  resorption  of  cephalic 
organs,  that  takes  place  when  the  ovary  is  growing,  is  correlated  with  the 
relative  age  of  the  "  head  "  involved.  This  is  a  line  of  observation  that 
one  of  us  plans  to  follow. 

THE  APPEARANCE  OF  MALE  GONADS  DEPENDENT  UPON 
EXTRINSIC  CONDITIONS 

Sekera's  (1903)  suggestion  that  the  appearance  of  sex  is  determined 
by  extrinsic  factors  is  supported  by  our  observations.  Concerning 
Stcnostoma  Icucops,  he  says  "  Aus  meinen  vieljahrigen  Beobachtungen, 
die  ich  schon  vom  Jahr  1885  an  fort  fiihre.  kann  ich  mir  erlauben  zu 
behaupten,  dass  ein  jeder  Tiimpel  nach  seiner  physischen  Beschaffenheit 
eine  bestimmte  Zeitdauer  hat,  in  welcher  alle  Exemplare  von  Steno- 
stoiiuuu  leucops,  unicolor,  etc.  geschlechtlich  sich  entwickeln.  Damit 
hangt  es  auch  zusammen.  dass  wir  in  den  nassen  Sommerzeiten,  wo  sich 
viel  Wasser  in  den  Tiimpeln  anhauft,  mit  dem  oben  erwahnten 
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ungi'mstigen  Unistande  fur  die  Ausbildung  der  Geschlcchtsorgane  nicht 
zu  rechnen  haben  "  (s.  538). 

Specimens  have  been  taken  from  their  natural  habitat  in  May.  June, 
July,  August,  and  September  during  three  years.  \\'e  have  found  these 
to  be  sexually  mature  as  males  only  during  the  last  week  of  August  and 
in  September.  The  species  appear  to  be  carried  through  the  winter  by 
zygotes,  for  extensive  collections  made  in  early  December  and  early 
March  yielded  no  examples  of  this  species. 

In  contrast  to  this  \ve  have  maintained  a  clone  that  always  presented 
sexually  mature  males  and  at  irregular  intervals  sexually  mature  females 
through  the  year.  In  addition  to  this,  we  have  raised  sexuallv  mature 
males  from  the  egg  within  a  period  of  a  month. 

It  thus  appears  that  certain  extrinsic  factors  of  the  natural  habitat 
arise  in  late  August  which  determine  the  appearance  of  male  gonads, 
while  under  laboratory  conditions  extrinsic  factors  are  present  which 
prompt  the  development  of  male1  gonads  throughout  the  year.  S.  <rso- 
phagium,  in  being  sexuallv  mature  as  males  under  laboratory  conditions, 
stands  sharply  in  contrast  with  .V.  fcinticuitilu.  Nuttycombe  (1932)  has 
maintained  a  clone  of  .9.  tenuicauda  for  over  five  years,  during  which 
time  gonads  have  not  appeared,  although  specimens  collected  from  their 
natural  habitat  were  sexually  mature  in  the  autumn. 

SUMMARY 

The  male  gonad  and  gonopore  lie  dorsal  to  the  anterior  end  of  the 
pharynx.  There  is  no  female  gonoduct. 

The  absence  of  a  female  gonoduct  is  correlated  with  a  peculiar  mode 
of  copulation. 

Egg- formation  and  egg-deposition  bring  about  a  crisis  in  the  life  of 
the  individual  which  is  not  necessarily  fatal.  Extensive  rledifferentia- 
tion  and  phagocytosis  art-  associated  with  the  development  of  the  egg. 
After  the  egg  has  been  laid,  a  new  "  head  "  is  developed. 

Development  of  male-  gonads.  in  this  rhabdoccele.  appears  to  be  de- 
pendent Ujiini  extrinsic  rather  than  intrinsic  lactors. 
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THE  RELATION  BETWEEN  RATE  OF  LOCOMOTION 
AND  FORM  IX  AM(EP>.\  PROTEUS1 

ROBERT  F.  PITTS 
DEPARTMENT  OF  ZOOLOGY,  THE  JOHNS  HOPKINS  UNIVKKSITY 

Mast  and  I'rosser  (1932,  p.  336)  maintain  that  the  rate  of  locomo- 
tion in  Annrba  protcus  is  highest  in  monopodal  specimens,  lowest  in 
mnltipodal  specimens,  and  intermediate  in  bipodal  specimens,  and  that 
"...  selection  of  monopodal  specimens  greatly  reduces  the  variability 
in  rate."  but  they  present  no  evidence  in  support  of  their  conclusions. 
The  experimental  results  presented  in  the  following  pages  concern  these 
conclusions.  The}-  were  obtained  as  follows: 

About  50  specimens  of  Anuvba  prof  cits  were  taken  at  random  from 
a  culture,  washed  -  three  times  in  redistilled  water,  and  transferred  to  a 
Pyrex  glass  dish  containing  .001N  sodium  chloride  solution.3  The  dish 
was  then  put  into  a  constant  temperature  apparatus  (Pitts,  1^32)  on  the 
stage  of  tin-  microscope  and  left  for  one  hour  for  adjustment.  A  single 
specimen  was  now  selected  and  projected  with  a  camera  lucida  on  black 
paper;  then  the  position  of  the  posterior  end  of  the  projected  image  was 
marked  at  intervals  of  one  minute,  and  the  outline  of  the  image  of  the 
animal  sketched  at  the  intervening  half  minute.  This  was  continued 
for  seven  minutes  after  which  it  was  repeated  with  each  of  four  other 
specimens  differing  in  form,  and  with  each  of  five  similar  specimens  in 
a  number  of  other  dishes.  This  was  continued  until  records  were  in 
hand  for  60  specimens,  20  monopodal.4  20  irregular  monopodal,  and  20 
mnltipodal  specimens.  All  of  these  observations  were  made  on  speci- 
mens which  had  been  in  the  sodium  chloride  solution  from  one  hour  to 
one  hour  and  45  minutes.  The  temperature  during  the  observations 

1  Tin's  investigation  was  carried  on  under  th«-  direction  of  Professor  S.  O.  Mast. 

-  The  washing  was  performed  by  putting  the  amoeba?  into  watch  glasses  con- 
taining redistilled  water,  allowing  them  to  settle  and  attach,  then  removing  the 
water  with  a  pipette,  and  finally  pouring  on  more  redistilled  water. 

:;  Kahlbaum's  purest  sodium  chloride,  accurately  weighed  and  dissolved  in  water 
redistilled  from  a  tandem  Pyrex  glass  still  (Mast,  1928). 

1  A  monopodal  amoeba  is  defined  as  an  elongated  cylindrical  animal,  smooth  in 
outline,  whiui  moves  continually  by  the  projection  of  a  single  pseudopod.  Marine 
Umax  amoebae  of  the  type  used  by  Panlin  (1923)  are  regularly  monopodal  in  form. 
.tuin-l'ii  f>ri>tt-us  readily  assumes  the  monopodal  form  if  it  is  allowed  to  become 
stellate  in  redistilled  water  and  then  transferred  to  a  dilute  salt  solution  (Mast, 
192* 
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was  23  ±  0.5°.     The  results  obtained  are  presented  in  Tables  I  and  II 
and  Fig.  1. 

The  results  in  Table  I  indicate  that  the  rate  is  highest  in  monopodal 
forms  and  lowest  in  multipodal  forms,  and  that  the  variation  in  rate  of 
the  different  specimens  is  least  in  monopodal  forms  and  greatest  in  a 
random  sample,  the  coefficient  of  variation  being  11.4  for  the  monopodal 
forms,  17.8  for  the  irregular  monopodal  forms,  27.9  for  the  multipodal 
forms,  and  34.4  for  the  random  sample.  Thus  it  is  evident  that  the 
variability  of  any  given  selected  group  is  considerably  less  than  that  of 
a  random  sample,  and  that  selection  of  strictly  monopodal  forms  leads 
to  least  variation.  The  results  obtained  consequently  support  the  con- 
clusions of  Mast  and  Prosser. 

Schwitalla  (1924)  claims  that  locomotion  in  Anuvba  protens  is 
rhythmical,  and  he  describes  a  two-fold  rhythm — a  rhythm  of  short 
duration  consisting  of  rapid  accelerations  and  retardations  and  a  rhythm 

TABLE  I 

• 

Summary  of  statistics  concerning  flic  rate  of  locomotion  of  monopodal  and 
multipodal  amocbcc. 


Form 

Number 
of  Speci- 
mens 

Mean  Ap- 
parent Rate 

Probable 
Error 

Standard 
Deviation 

Coefficient 
of  Variation 

Monopodal    

20 

mm.  per  minute 

21.05±.35 

per  cent 
of  mean 

1.65 

2.30±.25 

11.40±1.26 

Irregular  monopodal. 

20 

19.72±.53 

2.69 

3.52±.37 

17.85±1.96 

Multipodal 

20 

9.  44  ±.40 

4.20 

2.63±.28 

27.86±3.20 

Totals  and  averages  

60 

15.99±.48 

2.99 

3.49±.34 

34.36±2.35 

of  long  duration  superimposed  upon  the  short  periods.  He  says  (p. 
490)  :  "  Only  rarely  will  the  same  rate  of  locomotion  be  found  to  have 
been  sustained  for  two  successive  minutes.  Sometimes  such  an  uni- 
form rate  may  be  maintained  for  two  or  three  minutes,  and  in  excep- 
tional cases  for  five  and  seven  minutes."  And  (p.  492)  :  '  In  two  suc- 
cessive minutes,  a  doubled  rate,  or  a  rate  reduced  by  one-half  occurs 
with  comparative  frequency." 

Hahnert  (1932)  made  a  study  of  locomotion  of  monopodal  speci- 
mens of  Aviceba  protcus  over  a  period  of  some  twenty  minutes  and 
found  the  rate  of  locomotion  to  be  surprisingly  constant.  He  found  in 
one  specimen,  for  example,  an  average  rate  of  252.6  micra  per  minute 
with  a  standard  deviation  of  only  13.6  micra  per  minute  or  5.4  per  cent. 
Similar  results  were  obtained  with  nine  other  specimens  tested.  He 
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found  no  indication  of  rhythmic  variation  in  rate  of  locomotion  like  that 
observed  by  Schwitalla.  and  consequently  concludes  that  "  the  process  of 
ascertaining  the  rate  of  locomotion  is  greatlv  simplified  bv  using  mono- 
podal  specimens." 

TAIU.K  IT 

Concerning  the  Rtilc  of  Locomotion  of  Monopodal  and  Multipodal  Amoeba: 


I  )f  -iynation  of 
Individuals 

1 

2 

3 

4 

5 

6 

7 

8 

Monopodal  Specimens 


1st  minute    

20.0 

20.5 

22.5 

22.5 

20.0 

2  1  .0 

23.0 

19.5 

M  minute  

20.0 

18.0 

21.0 

23.5 

21.0 

22.0 

25.0 

21.0 

3d  minute 

22  0 

>0  5 

21.0 

23.0 

20.0 

21.0 

24.0 

20.0 

4t  li  minute      .       ... 

21.0 

20.5 

21.5 

22.0 

22.0 

22.0 

23.5 

20.0 

5t  h  minute    

20.5 

20.0 

21.5 

22.0 

22.0 

22.0 

23.0 

19.0 

Total 

6th  minute 

20.0 

21.0 

21.5 

20.5 

23.0 

23.0 

22.5 

20.0 

average 

7th  minute 

20.5 

20.5 

22.5 

23.0 

23.0 

24.5 

21.0 

rate 

\verage  rate 

20.57 

20.14 

21.50 

22.79 

21.43 

22.00 

23.64 

20.71 

21.35 

Irregular  Monopodal  Specimens 


1  st  minute            

21.0 

10.5 

19.5 

25.0 

24.0 

18.5 

19.0 

23.5 

2d  minute                  .... 

20.0 

19.5 

18.5 

25.0 

19.5 

15.0 

19.0 

18.0 

3d  minute 

16.5 

15.0 

19.0 

IS.  5 

21.5 

18.0 

16.5 

22.0 

4i  li  minute              .    . 

10.5 

9.0 

14.5 

2  \  .0 

21.5 

15.0 

18.5 

23.0 

M  h  minute 

12.5 

18.5 

16.0 

23.5 

24.0 

16.5 

16.0 

i~>  5 

6th  minute 

18.0 

27.5 

17.5 

25.5 

20.0 

21.5 

21.0 

19.0 

7l  h  minute 

20.0 

12.0 

18.0 

23.5 

22.0 

20.0 

\\  crage  rate  

16.93 

16.00 

17.57 

23.08 

21.75 

1S.2<> 

1S.S6 

21.14 

19.20 

Multipodal  Specimens 


1  M   minute            .... 

12.0 

10.0 

11.0 

6.5 

6.5 

10.0 

9.5 

10.5 

M  minute              .     . 

14.0 

11.5 

14.0 

10.5 

7.5 

9.0 

9.0 

16.0 

•><!  minute 

11.0 

10.5 

7.5 

7.0 

8.5 

13.0 

10.5 

4.0 

)i  li  minute 

S  5 

9.0 

7.5 

8.0 

8.5 

13.0 

16.0 

10.5 

M  li  minute 

()  5 

5.0 

10.0 

9.5 

8.5 

(>.5 

17.5 

11.5 

M  h  minute  
7th  minute  

3.5 

3.0 

5.5 
8.0 

9.0 

14.0 

9.5 

7.5 

7.0 
4.0 

8.0 

10.0 

16.5 

17.5 

14.5 
12.0 

Average  rate      .     . 

8.36 

8.50 

10.43 

8.36 

7.21 

10.  36 

13.79 

11.21 

9.77 

I>\  examining  the  rate  <>i"  loioinotiou  obtained  during  each  of  the 
-even -minute  periods  of  observation  ()f  the  individual  specimens  studied 
in  this  investigation,  some  insight  is  obtained  as  to  tin-  nature  and  reason 
lor  the  rhvthmieal  variation  in  rate  which  Schwitalla  observed  and  which 
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Hahnert  maintains  is  not  evident  in  monopodal  specimens.  By  referring 
to  Fig.  3  of  Schwitalla's  paper  it  will  he  seen  that  there  was  great  varia- 
tion in  the  form  of  the  amoebae  used,  i.e.  that  some  were  nearly  mono- 
podal,  some  bipedal,  and  others  mnltipodal. 

It  is  evident  from  Table  Tl  of  the  present  paper,  in  which  the  rates 
for  successive  minutes  for  eight  specimens  were  taken  at  random  from 
each  of  the  three  groups  of  forms  studied  that  the  variation  from  min- 
ute to  minute  is  much  less  for  monopodal  than  for  irregular  monopodal 


c 


FIG.  1.  Camera  sketches  illustrating  the  relation  between  form  and  rate  of 
locomotion  in  Amoeba  protcus;  curves,  projected  paths  made  by  these  specimens; 
arrows,  direction  of  locomotion ;  cross  lines  on  curves,  position  of  the  posterior  end 
at  minute  intervals ;  outlines,  form  of  the  specimens  at  minute  intervals  during  the 
time  the  paths  were  made. 

Note  the  constant  rate  of  locomotion  attending  the  constant  monopodal  form 
(A)  ;  the  decrease  in  rate  as  the  form  becomes  irregular  (B),  fourth  minute)  ;  the 
increase  in  rate  as  the  monopodal  form  is  assumed  (B,  seventh  minute)  ;  and  the 
decrease  in  rate  as  irregularity  in  form  increases  (C). 

or  multipodal  specimens.  For  instance,  by  comparing  specimen  1  of 
each  of  the  three  forms  (Table  II),  it  will  be  seen  that  the  maximum 
variation  within  the  seven-minute  period  for  the  monopodal  specimen  is 
2  mm.,  or  9.7  per  cent  of  the  mean  ;  for  the  irregular  monopodal  speci- 
men 10.5  mm.,  or  62  per  cent  of  the  mean  ;  and  for  the  multipodal  speci- 
men 11.0  mm.,  or  131.6  per  cent  of  the  mean.  This  shows  that  the 
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greater  the  irregularity  of  the   form  of  the  am<ehu.  the  greater  the  ir- 
regularity of  locomotion. 

Figure  1  gives  the  records  obtained  concerning  the  rate  of  locomotion 
of  these  three  specimens,  and  likewise  the  outline  sketch  of  them  at  the 
intervening  half  minute.     Figure  L-J  indicates  clearly  that  as  long  as  the 
amoeba  retains  a  strictly  monopodal  form  it  moves  with  a  fairly  uniform 
velocity.     Figures  IB  and  1C  demonstrate  that  in  variable  specimens  of 
irregular  monopodal  and  multipodal  form  the  marked  increases  in  rate 
are  for  the  most  part  due  to  the  assumption  of  a  monopodal  or  semi- 
monopodal  form  (Fig.  I/.',  seventh  minute)  ;  and  that  the  more  irregular 
tin-  form  of  the  animal  the  slower  the  rate  (  Fig.  l/>.  fourth  minute,  and 
\:]<^.  1C).      It  consequently  seems  probable  that  the  lung  rhythms  which 
Schwitalla  observed  were  due  to  change  in   form  of  the  annelue.      The 
short  rhythms  which  he  observed  were  probably  due  to  periodic  breaks 
in  the  plasmagcl  sheet,   for  with  each  break  of  this  sheet   (Mast,   1926) 
there  is  a   forward  spurt  of  locomotion    (Mast  and    Prosser.   1932).      It 
has.  however,  been  demonstrated  that  selection  of  monopodal  specimens 
reduces  the  variation  between  rates  taken  at  different  times  on  a  single 
individual.     Consequently,    in    experiments   dealing   with   the   effect   of 
environmental   factors  on  rate  of  anurboid  movement,  monopodal  speci- 
mens should  be  used. 

SUMMARY 

The  rate  of  locomotion  in  .lnnr!>a  protciis  is  highest  in  monopodal 
and  lowest  in  multipodal  specimens.  The  average  rates  obtained  for  20 
-pecimens  in  .001 X  sodium  chloride  was  278  micra  per  minute  for 
monopodal  forms.  260  micra  per  minute  for  irregular  monopodal  form-. 
125  micra  per  minute  for  multipodal  forms,  and  211  micra  per  minute 
for  an  average  of  all  forms. 

The  variation  in  rate  is  least  for  monopodal  ani(eb;e  and  greatest  for 
multipodal  ama-ba-. 

The  rate  of  locomotion  of  any  single  individual  over  a  seven-minute 
period  is  least  variable  for  monopodal  specimens  and  most  variable  tor 
nmltipodal  specimens. 

The  rhythmicity  of  locomotion  in  .  /m<r/></  protcas  observed  by 
Selnvitalla  (1924)  is  largely  due  to  change  in  form,  the  rate  increasing 
as  the  am.i-ba  becomes  more  nearly  monopodal  and  decreasing  as  it  be- 
comes more  irregular  in  form. 
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ORDERS  OF  INSECTS  WITH  HEART-BEAT  REVERSAL 

JOHN  H.  GKROULD 
DARTMOUTH  COLLEGE,  HANOVER.  N.  H. 

INTRODUCTION 

Intermittent  (periodic)  reversal  of  direction  of  heart-heat,  formerly 
regarded  as  limited  to  the  Ascidea,  has  been  described  by  Bethe  (1927) 
as  normally  occurring  in  Phoronls  psammophora. 

A  similar  but  transitory  intermittent  reversal  in  the  embryo  before 
normal  direction  is  established  has  been  observed  by  1'remer  (1931-32) 
in  the  chick  and  by  Yokoyama  (1929)  in  the  silkworm.  In  the  former 
it  appears  to  be  of  rare  occurrence;  in  the  latter  a  characteristic  of  the 
embryo  anticipating  the  normal  periodic  reversal  to  be  seen  in  the 
prepupa.  pupa,  and  imago. 

In  response  to  experimental  conditions,  reversal  of  heart-beat  during 
early  development  of  a  teleost  (Macropodus  I'iridi-auratits)  was  noted 
by  Gowanloch  (1923)  and  in  the  chick  embryo  by  Johnstone  (1925). 

Since  the  publication  of  my  paper  (Gerould.  1()2'))'  describing  the 
wide-spread  and  probably  universal  occurrence  of  this  phenomenon  in 
Lepidoptera  after  the  larval  stage  with  its  forward  beating  has  passed, 
I  have  observed  it  in  other  orders  of  holometabolous  insects.  In  none 
of  the  orders  with  complete  metamorphosis,  except  possibly  Xeuroptera 
(Corydulis)  not  yet  thoroughly  examined,  have  I  failed  to  find  examples 
of  it  in  the  imago. 

DlPTERA 

In  a  crane  fly,  I'uchyrhlna  ferruginea,  peristalsis  of  the  dorsal  vessel 
was  observed  with  extraordinary  clearness  through  the  translucent  in- 
ii-^ument  of  the  abdomen.  Previous  experience  with  moths  had  shown 
that  removal  of  head  and  appendages  does  not  prevent  or  seriously 
allert  periodic  reversal.  The  head,  wings,  and  legs  were  accordingly 
removed,  and  peristalsis  was  observed  in  abdominal  segments  3—5. 

1  have  rarely  seen  in  any  insect  such  a  regular  series  of  short  al- 
ternating phases.  In  this  respect  this  crane  fly  resembled  the  adult 

Attention  .sin mid  he  called  to  an  error  in  this  paper  on  p.  426,  line  8,  referring 

I"   puls,    rat-  .    "  i-.rward  "   should   read   "backward."     The   sentence   should   read: 

It   <  piiNc  rate  in   forward  heating)   is  roughly  twice  as  fast  as  in  back- 

uan!  ! 
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Bomby.v  nwri  rather  than  the  pupa  or  prepupa  of  that  moth.  As 
shown  by  Table  I  taken  from  my  first  observation  (August  16,  1930; 
temperature  24°  C.),  the  forward  phases  averaged  about  60  beats,  the 
backward  about  36;  numbers  remarkably  similar  to  averages  obtained 
with  young  silk-moths,  which  were  51.7  beats  forward,  26.5  backward. 
The  rate  of  forward  beating  in  the  moth  was  10  beats  in  17  seconds, 
backward  10  in  29  seconds,  but  in  the  crane  fly  these  data  show  a  nearly 
equal  rate  in  each  direction  (average  9.9  seconds  forward,  9.5  seconds 
backward).  (See  Table  II).  Of  especial  interest  was  the  regularity 
with  which  the  rate  of  backward  beating  was  accelerated  during  each 
backward  phase,  in  contrast  to  the  gradual  retardation  that  took  place 

TABLE  I 

Heart-beats   of   the   crane  fly,   Pachyrhina   fcrrugmca    (male} 


No.  Beats  in  a  Phase 

No.  Beats  in  a  Phase 

Forward 
Phase 

Backward 
Phase 

Forward         Backward 
Phase               Phase 

30  +  14   = 

44\ 

63\ 

>39 

>35 

60  +   16   = 

76\ 

5K 

>38 

)»38 

53  +  16  = 

69< 
>38 
64*( 

y37 

59X 
734 

SI* 

63^ 

56  +  6  =  62\ 
>36 
51  +  5  =  56*( 
>36 
65*( 
*34 

Av. 

60.5  37.2 

Av.             60.1  35.8 

during  the  forward  phases.  Such  acceleration  was  observed  in  Bomby.v 
only  during  the  long  backward  phase  immediately  preceding  and  during 
pupation. 

The  regularity  in  the  number  of  beats  in  the  forward  phases  in  this 
crane  fly  was  soon  interrupted  by  spontaneous  activity  of  the  genitalia, 
which  partially  inhibited  forward  beating  and  reduced  the  length  of  the 
forward  phases  from  an  average  of  60  beats  to  about  30,  while  the 
alternate  backward  phases  remained  of  about  the  same  length  as 
previously. 

The  same  preparation  18  hours  later  (kept  in  a  moist  chamber  over- 
night) showed  persistent  backward  beating,  broken  at  first  by  pauses 
into  groups  of  about  36  beats.  Over  500  beats  were  counted,  and  37 
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s  of   10  heats  were  recorded  which  showed  practically  no  change 
in  rate  (10  heats  in  10  seconds). 

Observations  on  a  drone  fly,  Eristalis,  in  which  beating  is  extremely 
rapid,  gave  among  others  the  following  result,  (iradual  retardation  of 
pulse  rate  during  backward  beating  is  evident.  (See  Table  IIT). 

COLEOPTEKA 

In  the  Coleoptera.  no  published  statement  in  regard  to  periodic  re- 
versal has  i.-<nne  to  my  attention,  though  LaM'h  (  1'Mo)  in  studying  the 


TAIH.K  II 
of  the  crane  fly  (male)  ,  Pachyrhina  ferruginea.     Temperature  22.5°  C. 


No. 

Seconds  Required  for  10  Beats 

No.  Seconds  Required  for  10  Beats 

Forward        Backward 
Phase             Pliase 

Forward        Backward 
Phase              Phase 

(10.5 

(12 

xl   8 

/\  8-5 

7     }   ./ 

7     ]    .// 

9       \ 

9     L 

10     l\ 

9.5JV 

7     1  ^/ 

10  !  ^ 

_o 

rt 

-o 

,H\     1 

o         11.5: 
'n         10.5J  \ 
^                     \  /   9.5        fc 

oJ 

i:ii\19 

s        A*    I 

A          9.5)  >^                     < 
9    J"\ 

\  rn 

/!  9 

0       ^        x' 

* 

8.5 

10.5)  \ 
J12 

I  " 

l:ir\a  of  the  stag-beetU-,  Liicainis  ccrnts.  observed  in  a  few  normal 
larvae  a  Dingle  backward  wave  extending  through  a  few  segments,  and 
in  one  individual  injured  by  artificial  stimulation  he  saw  a  succession 
ut  backward  waves  extending  through  several  segments,  or  merelv  from 
"lie  into  the  next  one  behind  it.  Mis  observations,  however,  were  ap- 
parently limited  to  the  larva,  in  which  normal  periodic  reversal  is  not 
t<  i  he  expected. 
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In  August  1931  and  again  in  1932  I  made  observations  on  a  large 
beetle,  Prionus  laticollis.  The  first  individual  studied  was  a  9  found 
moribund  with  leg  reflexes  still  feeble;  but,  as  is  generally  the  case  in 
insects,  heart  action  continued  long  after  leg  reflexes  had  ceased. 

It  was  first  observed  (4:30  P.M.)  by  slitting  each  side  of  the  back 
and  pinning  back  the  body  wall  so  that  the  ventral  surface  of  the  dorsal 
vessel  could  be  seen ;  there  was  vigorous  double-action  or  central  beating 
from  the  front  part  of  the  metathorax,  forward  through  the  aorta  to 
the  head  and  backward  in  the  abdominal  vessel,  in  which  the  rates 
counted  successively  were  10  beats  in  17,  19,  19,  18,  19,  21,  21,  24  sec- 
onds. At  5  P.M.  there  was  again  central  beating.  Counts  of  the  for- 
wardly  directed  waves  in  the  thorax  gave  10  beats  in  15,  15,  15  seconds, 
and  during  the  same  phase  but  backward  through  the  abdomen  10  in 
18  seconds  (temperature  29°  C.). 

Kept  18  hours  in  a  moist  chamber,  the  head  end  of  the  aorta  had 

TABLE  III 

Heart-beats  of  the  drone  fly,  Enstalis,  with  abdomen  laid  open. 

Temperature  25°   C. 


No. 

Seconds  for  10  Beats 

No.  Seconds  for  10 

Beats 

Forward  Phase 

Backward  Phase 

3.5 

7    -       7      1    -       -> 

~\,  4 

5.5, 
10, 

.8,  4.5,  5.5,  5, 
5,  6,  6.5,  5.8, 
12.5,  9.5 

5,  6,  5, 

6,  6.5, 

*4,  4,  5.5,  5 

become  dry  at  10:50  A.M.,  but  backward  peristalsis  from  the  anterior 
part  of  the  metathorax  through  the  abdomen  was  proceeding  at  the 
rate  of  10  beats  in  21.5,  22  seconds;  for  a  few  minutes  double  or  triple 
beats  went  backward  from  the  metathorax,  but  at  11:13  A.M.  the 
groups  of  two  or  three  had  been  reduced  to  single  beats  with  the  rate 
of  10  in  15,  16,  16  seconds.  (Temperature  25.5°  C.). 

In  August  of  the  following  year,  a  much  longer  series  of  observa- 
tions was  made  on  a  $  Prionus  laticollis  which  was  etherized  slightly  be- 
fore the  removal  of  mandibles,  antennae,  legs,  and  wings  (2:33  P.M., 
August  6;  temperature  29°  C.).  It  was  first  viewed  through  the  trans- 
lucent anterior  segments  of  the  abdomen.  Forward  beating  at  the  rate 
of  10  beats  in  9.8,  10.8  seconds  was  followed  by  backward,  10  beats  in  9, 
9  seconds.  Then  a  forward  phase  was  followed  by  a  backward  phase 
of  over  300  beats  beginning  at  a  rate  of  10  beats  in  6,  7.25,  7.25  seconds. 
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The  backward  beating  was  slightly  more  rapid  than  the  forward.  After 
amputation  of  the  head,  a  series  of  forward  waves  began  at  the  rate 
of  10  beats  in  8.6  seconds  and  ended  with  10  in  9.5  and  10  seconds. 
Air  sucked  into  the  dorsal  vessel  interfered  with  observations,  so  a 
preparation  was  made  of  the  excised  back,  showing  the  ventral  surface 
of  the  abdominal  dorsal  vessel,  the  front  of  which  was  inflated  with 
air.  Thereupon  backward  beating  started  in  the  inflated  anterior  part 
and  the  following  records  of  the  duration  of  10  beats  were  taken:  10 
in  9.5.  10,9.  10.5,9.5,  10.5.  11.  10.5.  11,  11.  11.  12.25,  12.  12.5.  12.  12.4. 
13.  13.5.  14.  15.  14.  14.6,  15.6.  16.5,  16.5.  17,  19  seconds.  Beating 
both  ways  from  the  middle  of  the  abdomen  followed,  freeing  the  front 
of  the  tube  of  the  contained  air,  the  rate  of  beating  steadily  falling: 
10  in  19,  19.5,  20,  20,  21,  21,  23.5  seconds.  The  preparation,  now- 
drying,  was  moistened  with  normal  saline  solution,  and  completely  for- 
ward beating  began  at  a  more  rapid  rate,  vi/.,  10  in  5.5,  7,  8,  9,  9,  8.6, 
9.5,  9.5,  9.6,  9  seconds.  Then  completely  backward  beating  through 
the  whole  abdomen  ensued  ;  10  beats  in  9.5,  9.5,  9.6,  9.5,  9.5.  9.5,  9.5,  9.6, 
9.5,  10.  10,  10,  10.5,  9.6,  10.6,  11.  11.4.  11,  11.  11.25.  11.2.  11.  11.  11, 
11.  11.5.  11.5.  11.5.  11.5.  11.5.  12.  12.  12.5.  11.8.  12.5.  12.2.  11.8.  12.2. 
12.5,  11.5,  12.2,  11.8  seconds.  Then  central  beating;  10  in  12  (double 
strokes),  11.5,  11.5,  11,  11.  12  seconds  (pausing  after  the  seventh). 
Then  forward  altogether:  10  in  12.  12,  11,  12,  11,  11.  11.2.  11.2.  10.5. 
11.8,  12,  12.  12,  11.8.  11.2,  11.5,  11.4,  11.2.  11.2.  11.2.  11.6.  12,  12.  11.5, 
11.8,  12,  12.75,  11.5,  12.5,  (moistened)  11.  11.  13,  12,  12.5.  12,  12.75. 
12.2,  12.6,  13,  12.6.  14.6.  16.2.  16.6,  17  seconds.  On  flooding  with 
>aline  solution,  forward  beating  continued  at  increased  rate:  10  beats 
in  7.5,  6.5,  6.5.  7.5,  6.5,  7.2.  7.  7,  8.  8.  8.8.  8.2,  9,  9.5,  9.5.  10.  11,  12. 
1 1.5  -f-  (pause  after  7).  Reverses,  a  few  beats  backward,  then  forward  ; 
pause  of  10  seconds,  then  backward;  pause  of  17  seconds,  then  forward. 
then  backward.  Length  of  the  observations  2.5  hours  (2:33-5:03 
P.M.  i.  temperature  at  the  end  _"'  ( '.  as  at  the  beginning. 

The  following  morning  the  preparation  was  alive  (in  moist  air)  and 
a  long  pha>e  of  forward  beating  observed,  the  rate  of  which  showed 
gradual  and  regular  retardation.  At  first  there  were  pauses  between 
';i>h  group  df  about  ID  beats.  A  Micces>ion  of  counts  showed  10  beats 
•  forward)  in  5.S.  5.8.  6.5,  6.2,  7.4.  6.6,  6.5,  7.5.  (..8,  6.8.  7.  7.5,  7.5. 
7  6,  7.6,  S.  8.5,  7.5.  S.  8.  8.  8.2.  8.  ').  10,  10.5.  11.  10,  10,  10  seconds. 
Then-  \\ere  no\\  less  than  10  beats  in  a  phase,  and  soon  groups  of  2 
beats  i-ame  ;  counts  <.f  10  pairs  (forward)  in  17.5.  1(>.5.  18.  19,  20. 
2o.  20,  2'},  21.  J0.(>.  21.  22  seconds.  Now  single  beats  replaced  pairs 
:md  counts  of  10  gave  24.  25.4.  24.5,  28.  28.  25.5.  25.  27.  29.  28,  29,  26.5, 
29,  33  Si  conds  and  beating  Mopped.  Saline  solution  was  applied,  and  a 
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series  of  converging  beats  conflicting  at  the  third  abdominal  segment 
(backward  in  front  of  the  third  segment  but  still  forward  behind  it) 
gave  the  following  series  of  counts :  10  beats  in  9.5,  8,  7.5,  8,  7,  8,  7.5, 
7.5  seconds. 

The  same  preparation  24  hours  after  the  first  observations,  tempera- 
ture 28.5°  C..  showed  a  long  run  of  short  groups  of  backward  beats 
separated  by  pauses  of  about  10  seconds.  There  were  groups  of  7, 
then  of  5  in  3,  4,  4,  3.8,  3.2,  3,  2.5  seconds. 

TABLE  IV 

Heart-beats  of  solitary  wasp,  Sphc.v,  without  head  or  wings,  first  three  ab- 
dominal segments  observed.  Temperature  28°  C.  First  phase,  observed  in  for- 
ward beating,  lasted  25  minutes. 


Forward  Phase 


Backward  Phase 


Rate  10  beats  in  2  seconds- 


10  in  11  seconds" 
11  seconds 
11  seconds 


10  beats  in: 

"2.6,  2.5,  2,  2.5,  2.5,  2,  2.5,  2.2,  2.6, 
2.5,  3,  4,  3,  3.5,  2.6,  2.6,  (lags),  5, 
4.5,  5,  8,  9  (in  flashes  of  2),  14,  15, 
17,  16,  26,  27.8,  32,  44.5,  83,  82 
seconds,  length  of  the  phase  32 
minutes,  last  half  in  groups  of  2  with 
longer  and  longer  pauses  between 

-successive  pairs. 


HYMENOPTERA 

Observations  on  individuals  of  this  order  are  less  easy  and  satis- 
factory than  in  other  groups  of  higher  insects  for  two  reasons,  the 
great  length  of  the  phases  and  rapidity  of  pulsation.  Ants  and  bees, 
with  their  short  dorsal  vessels  with  extremely  rapid  beating,  are  par- 
ticularly unfavorable.  I  have  not  yet  been  able  to  get  reliable  data  on 
reversal  in  either  group. 

In  a  large  solitary  wasp,  Sphe.v,  however,  with  translucent  tergum 
at  the  base  of  the  abdomen,  satisfactory  proof  of  reversal  was  obtained, 
as  Table  IV  shows. 

This  shows  a  backward  phase  of  32  minutes  of  exceedingly  rapid 
beating,  gradually  diminishing  in  rate  until  at  the  end  of  the  phase  it 
became  very  slow. 

An  ichneumon  fly,  Ophcltcs  glaucopterus,  found  moribund,  reaction 
of  appendages  having  ceased,  gave  some  excellent  data  showing  un- 
mistakable periodic  reversal,  with  the  rapid  beating  and  long  phases 
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characteristic  of  this  order.  The  heart  was  observed  through  the  trans- 
lucent tergites ;  hod}1  walls,  head,  and  appendages  were  intact.  The  first 
observation  was  of  a  long  forward  ]>hase  of  27  minutes  (11:23  A.M.- 
12  M.,  temperature  26.5°  C.).  Due  to  the  rapid  rate,  groups  of  20. 
rather  than  10  beats  were  measured;  20  in  15  seconds  at  first,  in  In 
seconds  at  the  end  (12  readings).  A  second  observation  began  at  3:20 
P.M.  with  a  backward  phase  of  47  minutes  during  which  the  duration 
of  groups  of  20  beats  remained  nearly  constant,  with  very  slight  ac- 
celeration (average  of  20  beats  in  22.2  seconds  for  the  hrst  ? ;  18.9 
seconds  for  the  last  5  measurements).  At  5-5  :OS  I'.M.  measurements 
of  the  rate  of  another  clearly  backward  phase  gave  an  average  of  18.5 
seconds  for  20  beats  with  no  change.  (Temperature  26.5°  C.). 

ORDERS   I'KOIIAKI.Y  wrrnorr  HEART-BEAT  REVERSAL 

Examples  of  adult  Xeuroptera  and  ( Monata  have  shown  no  re- 
versal. A  female  dobson  fly,  Corydulis  cornuta.  the  large  si/.e  and 
comparatively  slow  pulse  of  which  make  it  favorable  for  study,  was 
under  observation  for  40  minutes;  no  reversal  occurred.  One  of  the 
Chrysopidae  translucent  enough  for  external  examination  showed  no 
heart-beat  reversal. 

In  a  dragon  fly.  I'lutlicinis  trimaculata,  pulsation  of  the  dorsal  vessel, 
observed  in  three  males  and  one  female,  was  only  lorward. 

SUMMARY 

Representatives  of  four  orders  of  holometabolous  insects,  Diptera. 
Coleoptera.  Lepidoptera,  and  Ilymenoptera  have  shown  periodic  (in- 
termittent) heart-beat  reversal  in  the  pupa  and  imago.  In  an  adult 
crane  fly.  the  number  of  forward  beats  per  phase  exceeded  the  backward, 
but  the  average  rates  of  beating  in  each  direction  were  almost  equal. 
<  iradual  retardation  of  rate  occurred  within  each  single  forward  phase. 
slight  acceleration  within  each  backward  phase.  In  the  adult  beetle 
there  was  likewise  no  marked  difference  between  the  average  rates  back- 
ward and  forward.  A  very  gradual  retardation  in  rate  was  observed 
during  each  phase  whether  backward  or  forward.  Central  beating  in 
both  directions  from  the  pulsating  vessel  of  the  metathorax  or  from 
the  middle  of  the  abdomen  occurred.  A  few  converging  waves  con- 
flicting at  the  third  abdominal  segment  were  observed.  Saline  solution 
quickened  the  rate.  'I  here  was  an  occasional  tendency  to  beat  in  group*- 
of  two  without  change  of  rate.  1'auscs  sometimes  broke  up  a  long 
pha-(  .  i-.-ii-b  being  of  about  the  same  length  as  the  groups  among  which 
they  wen-  interpolated.  In  I  I  vmenoptera.  long  backward  and  forward 
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phases,  each  a  half  hour  or  more  in  length,  were  characteristic  of 
and  Opheltcs.  The  rates  were  rapid.  In  Splic.v  the  rate  hackward  was 
gradually  retarded;  in  Of>hcltes  the  rate  during  any  long  phase  was 
nearly  constant,  though  during  one  hackward  phase  of  47  minutes  there 
was  slight  acceleration. 

In  general,  normal  reversal  occurs  independently  of  the  central 
nervous  system  and  is  essentially  myogenic.  Stimuli  from  the  head, 
wings,  legs,  and  genitalia,  however,  secondarily  affect  peristalsis  in 
detail,  producing  variations  in  rate,  length  of  phase,  number  of  heats 
in  a  phase,  and  occasionally  probably  reversal.  Central  beating  does 
not  depend  upon  special  ganglia  but  upon  local  regions  of  higher  ir- 
ritability (or  greater  local  inflow  of  haemolymph  from  the  pericardium), 
which  vary  somewhat  even  in  the  same  individual. 
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THE  MORPHOLOGY  OF  THE  LATER  STAGES  OF 
BALANUS  CREXATCS  BRCGC1KRE 

LUDYVIG  E.  HKRZ 

The  development  of  barnacles  has  occupied  tin-  attention  of  numer- 
ous workers  since  1830.  when  J.  Y.  Thompson  discovered  that  nauplii 
a]i]»eared    in    their   development.      This    similaritv    in    development    with 
Crustacea  led  to  the  transfer  of  the  class  C'irripedia   from  the  phylum 
Mollusca.  where  it  had  been  classified  by  Linnaeus,  Cuvier,  and  others, 
to  the  phylum   Arthropoda.     In    1843   Burmeister   made   an   important 
contribution  when  he  found  that  in  Lcpas  the  larva-  passed  through  two 
totally  different  stages,  the  nauplius  and  the  cypris.     He  had  received 
what  he  termed  a  "  ball  of  Lcpas"  on  which  the  cypris  stages  had  just 
attached  and  the  adults  were  dismissing  the  newly  hatched  nauplii.     He 
thus   missed   the   intermediate   stages   in   the   developmental    series.      In 
1875    Dr.    R.   von   \Villemoes-Suhm  studied   the   life   history   of   Lchis 
fascicitlaris  while  making  a  cruise   from  Japan   to   Sandwich   with  the 
( 'hallenger   expedition.     Concerning  this   subject  he  wrote:     'My  ob- 
ject is  to  give  an  idea  of  the  whole  development  of  one   I.epas  as  ac- 
curately as  possible  which  seems  never  to  have  been  done  as  yet  as  our 
knowledge  consists  of    fragments  collected   mostly   in  the  same  way  in 
which  Burmeister  gained  his  information."      Dr.  von  \Villemoes-Suhm 
(1875  )   found  that  six  different  nauplius  stages  and  one  cypris  stage  ap- 
peared in  the  development  of  Lcpus  fascicitluris,  a  pedunculate  barnacle 
of   the   suborder    Lepadomorpha.      His    report,    owing   to   his    untimely 
death,   was  published  bv  a   co-worker.      Xo   mention   was   made  of   the 
transformation  of  the  cypris  Mage  into  the  adult   form.      Xo  records  of 
a  complete  studv  of   the  development   of  an  opcrculatc  barnacle  in   the 
suborder  Balanomorpha  have  been  found  as  yet,  nor  has  any  other  study 
nf  anotlxr   species   of   barnacle  approached  the  degree  of  completeness 
attained  by  \on  \Villenioes-Sulim. 

This  mveMigation  takes  up  the  life  hiMory  of  Iniluinis  rrcitatus 
I'.ruguiere  of  the  suborder  Halanomorpha,  from  the  newly-hatched  nau- 
plius to  the  adult  form.  Eight  nauplius  stages  and  one  cypris  stage  were 
found.  This  stud\  was  undertaken  upon  the  suggestion  ot  Dr.  Harold 
I  hath  of  1  lopkin-  Marine  Station,  Pacific  (  rrove,  California,  and  carried 
On  at  Stanford  Cniversity  during  the  academic  years  of  lc>28-29  and 
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1929-30,  and  at  Hopkins  Marine  Station  during-  the  summer  of  193 1.1 
Reasons  for  the  success  of  this  research  and  the  failures  of  earlier 
workers  may  he  briefly  told.  .Along  the  shores  of  the  ocean  where  many 
species  of  barnacle  abound  and  reproduce,  it  is  exceedingly  difficult  to 
segregate  the  nauplii  of  the  different  species  that  are  secured  by  means 
of  plankton  hauls  since  there  is  a  great  similarity  in  their  sizes  and  gen- 
eral structure.  The  previous  investigators  therefore  attempted  to  rear 
in  aquaria  the  newly-hatched  nauplii  that  were  taken  from  the  mantle 
cavity  of  gravid  adult  barnacles  to  secure  the  complete  series  of  stages 
in  one  species,  and  eliminate  the  possibility  of  including  the  nauplii  of 
other  species.  This  method  did  not  prove  successful  since  the  nauplii 
invariably  died  after  moulting  two  or  three  times.  The  writer  met  with 
these  same  results  when  efforts  were  made  to  isolate  and  raise  the  first 
stages  of  five  of  the  species  of  barnacle  "  found  on  the  shores  of  Monte- 
rey Bay.  All  sorts  of  containers  ranging  in  size  from  Syracuse  glasses 
to  gallon  battery  jars  in  which  fresh  and  balanced  or  rotted  sea  water 
was  placed  were  used  as  aquaria,  but  in  no  case  was  it  possible  to  secure 
any  moults  beyond  the  third  stage.  The  larvae  would  usually  remain 
alive  in  the  third  stage  for  periods  of  time  ranging  from  eight  to  twenty- 
four  days.  Another  method  used  was  to  isolate  the  newly-hatched  stages 
of  nauplii  in  quart  jars,  cover  the  jar  mouths  with  cloth,  and  anchor  the 
jars  to  floats  at  various  depths,  ranging  from  a  few  inches  to  ten  feet. 
The  nauplii  invariably  died  in  the  third  stage.  These  experiments  indi- 
cated that:  (1)  the  nauplii  are  very  delicate;  (2)  their  mortality  rate  is 
very  high;  (3)  their  most  favorable  environment  is  limited  to  the  open 
ocean  near  the  shoreline  where  the  water  is  well  aerated  by  the  dashing 
of  the  breakers  over  the  rocky  shore.  Success  was  attained,  however, 
when  experiments  were  transferred  to  the  hardier  specimens  of  the  two 
species  of  barnacle  that  are  found  in  the  sloughs  of  San  Francisco  Bay. 
These  species  are  Balanus  crcnatus  Bruguiere,3  and  Balanus  ylandula 
Darwin.  Balanus  crcnatus  was  selected  for  investigation,  as  its  breed- 
ing- period  extended  from  March  until  November,  while  Balaiuts 
ylandula  discontinued  breeding  after  June.  Ripe  eggs  were  taken  from 

1  The  writer  wishes  to  thank  Dr.  Heath  for  his  direction  throughout  the  work, 
and  wishes  to  express  his  appreciation  to  the  following :    to  Dr.  H.  A.  Pilshry  of 
the  Philadelphia  Academy  of  Natural  Sciences  for  identifying  specimens  of  barna- 
cle :  to  Professor  G.  F.  Ferris  of  Stanford  University  for  valued  advice :  to  Dr.  W. 
K.  Fisher  for  the  use  of  the  facilities  of  Hopkins  Marine  Station;  to  Dr.  Tage 
Skogsberg  for  valued  advice  on  drafting  the  plates  of  this  research. 

2  The  five  species  were  MitcUa  polvmcra  Sowerby,  Balanus  f/lauciula  Darwin. 
Balanus  tititinnahnlitni  Linnaeus,  Tctraclila  sqitanwsa  ruhcsccns  Darwin,  and  Lcpas 
Hill ii  Leach. 

3  The  type  locality  of  Balamis  crcnatus  is  the  coast  of  England.     It  is  found  in 
the  Arctic  Ocean;  North  Atlantic  south  to  Long  Island  Sound;  Bering  Sea  and 
North  Pacific  south  to  Santa  Barbara,  California,  and  Northern  Japan. 
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the  mantle  cavities  of  these  harnacles  and  placed  in  aquaria.  After  the 
passage  of  three  days,  nauplii  in  the  fourth  or  fifth  stages  were  found. 
The  later  stages  were  found  alter  the  lapse  ol  seven  to  ten  days,  and 
the  newly-attached  adult  form  harnacles  appeared  after  thirteen  or  four- 
teen days.  The  times  that  are  required  for  the  development  of  the  later 
stages  of  Balaints  crenatus  no  douht  vary  with  the  temperature.  The 
times  recorded  in  this  paper  were  secured  by  observing  aquaria  speci- 
mens that  were  hatched  from  ripe  eggs.  (  Mir  Ballon  hattery  jars  were 
used  as  ri(|uaria.  These  were  ke])t  near  tin-  windows  of  a  laboratory 
located  on  the  second  Moor  of  the  Zoology  building  at  Stanford  Univer- 
sity. A  number  of  thermometer  readings  taken  during  July  and  Au- 
gust. 1930.  showed  that  the  temperature  of  the  aquaria  did  not  vary 
greatly  from  day  to  day.  The  lowest  temperature  recorded  during  this 
time  was  17°  C.  while  the  highest  was  21°.  This  fluctuation  in  tem- 
perature is  perhaps  less  than  that  of  the  slough  waters,  which  are  often 
warmed  considerably  when  the  incoming  tides  flow  over  exposed  and 
wanned  mud  flats. 

The  specimens  were  easily  located,  since  the  nauplii  are  positively 
phototropic  and  the  cypris  attach  on  the  illuminated  side  of  the  aquaria.4 
The  nauplii  were  removed  with  a  pipette  to  a  slide  and  mounted  in 
glycerine.  The  cypris  stages  were  mounted  in  euparal  and  balsam. 
Bouin's  solution  was  used  as  fixing  medium.  Alum  carmine  and  Dela- 
field's  haematoxylin  were  used  as  stains  for  the  whole  mounts  of  the 
cypris  stage. 

The  eggs  are  found  in  gelatinous  masses  in  the  branchial  cavity. 
These  are  oval,  measuring  .19  mm.  in  length  and  .12  mm.  in  width.  The 
freshly-spawned  eggs  are  light  gray  in  color.  As  the  eggs  ripen,  the 
masses  assume  a  definite  shape,  and  the  eyespots  and  appendages  are 
easily  distinguished.  The  egg  membranes  are  ruptured  by  the  move- 
ments of  the  appendages  of  the  nauplii. 

The  first  stage  nauplius  measures  .22  mm.  in  length  t  rom  the  an- 
terior portion  of  the  carapace  to  the  tip  of  the  thoraco-abdominal  proc- 
It  measures  .12  mm.  in  width  across  the  carapace  immediately 
posterior  to  the  frontal  horns.  An  eyespot  appears  in  the  mid-section 
•  •f  the  anterior  portion  of  the  nauplius.  It  is  square  in  outline,  and  is 
situated  in  the  (-enter  of  a  hi  lobed  structure.  The  oral  lip  is  situated 
immediatelv  posterior  to  the  eyespot.  This  assists  in  in  jest  ion.  The 
thoraro -abdominal  process  js  ,|uite  rudimentary.  It  projects  hut  slightly 
beyond  the  posterior  tip  of  the  carapace  and  ends  as  a  two-pointed 
Structure.  The  alimentary  canal  is  a  simple  appearing  tubular  organ. 

1  This  result  .lilT.-rs  from  the  findings  of  Dr.  Paul  T.  Yissdicr.  who  reports  that 
<  vpris  oi  ('hllitniKilnx  h-iif/ilis.  i:<i!iiiiu<!  improvisHS.  and  Rahuius  ainphilntc  arc 
phototropic  ;ii  ih<-  tune  of  attachment. 
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The  mouth  is  located  at  the  oral  lip  and  the  anus  between  the  two- 
pointed  extremities  of  the  thoraco-abdominal  process.  The  nauplius  is 
propelled  by  means  of  three  pairs  of  appendages.  The  anterior  pair  is 
uniramous  and  the  second  and  third  are  hiramous. 

The  second  stage  is  slightly  larger  than  the  first.  It  measures 
.20  mm.  in  length  and  .14  mm.  in  width.  The  thoraeo-abdominal  proc- 
ess is  larger  and  more  clearly  visible.  The  anterior  horns,  which  pointed 
in  a  posterior  direction  in  the  First  stage,  project  outward  at  right  angles 
to  the  anterior-posterior  line.  The  appendages  have  no  new  structures. 
The  third  stage  measures  .31  mm.  from  the'  anterior  end  of  the 
carapace  to  the  tip  of  the  thoraco-abdominal  process.  The  width  of 
the  carapace  immediately  posterior  to  the  anterior  horns  is  .15  mm.  The 
thoraco-abdominal  process  has  elongated  greatly.  It  is  made  up  of  two 
distinct  parts,  a  longer  single-pointed  dorsal  structure  and  a  forked 
ventral  process.  Two  stout  spines  project  from  the  mid-section  of  the 
ventral  process.  The  tirst  appendage  has  no  new  structures.  Setae 
have  developed  on  three  of  its  spines.  Two  new  spines  are  seen  on  the 
exopoditc  of  the  second  appendage,  making  a  total  of  seven  on  this 
ramus.  A  stout  three-pointed,  spine-bearing  structure  appears  on  the 
gnathobase.  This  plays  an  important  part  in  injestion  ot  t.iod.  One 
new  short  spine  has  developed  on  the  cxopodite  of  the  third  appendage, 
making  a  total  of  five  on  the  ramus;  a  new  spine  appears  on  the  second 
segment  of  the  endopodite  of  this  appendage. 

Two  large  spines  have  developed  at  the  posterior  end  of  the  carapace 
of  the   fourth  stage  nauplius.      This  stage  measures   .27  mm.  in  length 
from  the  anterior  tip  of  the  carapace  to  the  base  of  the  caudal  horns. 
The  anterior  horns  do  not  stand  out  as  prominently  as  in  the  previous 
-tage.      Xew  spines  appear  on  the  following:    on  the  proximal  portion 
of  the  outer  side  of  the  distal  segment   of  the   first  appendage;  on  the 
basal    segment    of   the   endopodite   of   the    second   appendage:   a   minute 
spine,  which  is  not  visible  on  all  specimens,  on  the  distal  segment  of  the 
endopodite  of  the  third  appendage,  making  a  total  of  six  on  this  segment. 
The  length  of  the  fifth  stage  from  the  anterior  tip  of  the  carapace  to 
the  base  of  the  caudal  spine  is  .27  mm.      The  width  posterior  to  the  an- 
terior horns  is  .22  mm.     Three  new  spines  appear  on  the  ventral  side  of 
the    forked   structure  of   the  thoraco-abdominal   process  anterior  to  the 
two  that  appeared  in  the  fourth  stage.      The  two  distal  segments  of  the 
first  appendage  have  undergone  considerable  modification.      The   fourth 
lent   is  much  narrower  than  the  third.      It   now  bears  seven  spines. 
l-'.nir  spines  project    from  the  third  segment,  the  proximal   spine  of  the 
outer  two  being  not  visible  on  most  specimens.     New  spines  appear  on 
both   rami    of   ib.     second   appendage.      Xine   spines,   two  of   which   are 
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new,  project  from  the-  exopodite.  Two  new  spines  have  developed  on 
the  distal  segment,  and  one  new  spine  on  the  third  segment  of  the  endo- 
podite.  No  new  spines  appear  on  the  raini  of  the  more  conservative 
third  appendage. 

The  sixth  stage  nauplius  measures  .35  mm.  in  length  from  the  an- 
terior tip  of  the  carapace  to  the  hase  of  the  caudal  horns  and  .34  mm.  in 
width.  The  first  appendage  has  changed  little.  The  exopodite  of  the 
second  appendage  hears  eleven  spines,  an  increase  of  two  over  the  previ- 
ous stage.  One  new  spine  projects  from  the  exopodite  of  the  third  ap- 
pendage, making  a  total  of  six  on  this  ranius.  Two  new  spines  project 
from  the  thoraco-abdominal  process  external  to  the  three  that  appeared 
in  the  last  stage. 

The  seventh  stage  measures  .46  mm.  in  length  from  the  anterior  tip 
of  the  carapace  to  the  hase  of  the  caudal  horns  and  .35  mm.  in  width. 

TABLE  I 

Tabulation  of  number  of  spines  on  first  appendage  ami  on  exopodites  of  second 
and  third  appendages. 


Mage 

First  Appendage 

Ex.  Second  Appendage 

Ex.  Third  Appendage 

1 

8 

5 

4 

2 

8 

5 

4 

3 

8 

7 

5 

4 

9 

7 

5 

5 

12 

9 

5 

6 

11 

11 

6 

7 

12 

12 

6 

8 

~j 

12 

6 

The  most  important  of  the  new  structures  apparent  in  this  >tage  is  the 
anlage  of  the  six  pairs  of  swimming  appendages  which  function  in  the 
cypris  stage.  Six  pairs  of  stout  spines  have  developed  on  the  ventral 
surface  of  the  thoraco-abdominal  process,  giving  the  anlage  added  pro- 
tection. The  second  appendage  is  the  only  one  that  has  a  new  spine. 
This  projects  from  the  exopodite,  making  a  total  of  twelve  on  this  ramus. 

The  eighth  stage  measures  .50  mm.  in  length,  and  .41  mm.  in  width. 
Two  ryes  have  developed  lateral  to  the  median  eyespot.  The  undiffer- 
entiated  anlage  which  appeared  in  the  thoraco-abdominal  process  of  the 
previous  stage  has  metamorphosed  into  rudimentary  swimming  ap- 
pendages. These  an-  found  within  the  walls  of  the  thoraco-abdominal 
pr<  The  three  nauplius  appendages  have,  with  the  exception  of 

the  first,  undergone  no  change.  The  spines  ot  the  tirst  appendage  have 
degenerated  and  become  short  and  stubby. 

A  tabulation  of  the  number  of  spines  on  the  first  appendage  and  on 
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the  exopoclites  of  the  second  and  third  appendages  in  Tahle  T  shows  the 
totals  given.  An  interpretation  of  the  data  listed  indicates  that  the  num- 
ber of  spines  on  the  appendages  of  each  stage  is  quite  definite  and  the 
rate  of  increase  during  the  development  is  orderly.  The  number  of 
spines  listed  for  the  first  appendage  of  the  fifth  stage  is  open  to  question, 
since  a  minute  spine  which  is  not  present  on  all  specimens  of  this  stage  is 
included  in  this  total. 

The  cypris  stage  measures  .55  mm.  in  length  and  .24  mm.  in  width. 
Its  valves  have  been  formed  through  a  folding  of  the  carapace  of  the 
nauplius  stage.  The  first  appendage  has  become  modified  and  now  is 
used  as  an  adhesive  organ.  The  two  biramous  swimming  appendages 
of  the  nauplius  stages  have  disappeared.  Their  rudiments  appear  to  be 
formed  into  the  mandibles  and  maxillas  in  the  metamorphosis  into  the 
adult  form  barnacle.  Two  long  slender  organs  extend  ventralwards 
from  the  region  of  the  eyes.  These  are  .13  mm.  in  length  and  are  the 
sensory  appendages  of  the  nauplius  stages.  These  are  moved  back  and 
forth  as  the  cypris  moves  along  and  appear  to  act  as  feelers.  Four  eye- 
spots  appear  in  the  forward  end  of  this  stage.  Two  of  these  are  located 
along  the  median  line  of  the  body  on  the  walls  of  the  valves.  These 
quiver  constantly  during  the  movements  of  the  cypris.  Two  smaller 
eyespots  are  present  dorsal  to  these  two.  The  larger  eyespots  and  the 
first  antennae  are  attached  to  the  valves  by  some  eight  or  ten  muscular 
strands.  The  abdomen,  bearing  the  six  pairs  of  propelling  appendages, 
is  a  very  flexible  organ.  It  moves  on  a  pivot  formed  by  a  set  of  muscles 
which  attach  the  abdomen  to  the  valves  near  the  mid-ventral  portion  of 
the  body.  The  abdomen  is  capable  of  being  completely  withdrawn 
within  the  protective  walls  of  the  valves  during  quiescent  periods ;  in 
times  of  movement  the  abdomen  turns  ventrally,  placing  the  appendages 
in  position  for  vigorous  movement,  which  causes  the  cypris  to  dart  ahead 
at  a  rapid  rate.  The  abdomen  is  prevented  from  turning  outward  too 
far  by  a  stout  muscle  (R.  M.  of  ninth  stage  on  Plate  TIT)  that  connects 
the  abdomen  with  the  dorsal  walls  of  the  valves  near  the  anterior  end  of 
the  cypris.  An  enlarged  area  of  the  enteric  tract  that  may  be  termed 
the  stomach  appears  just  posterior  to  the  insertion  of  the  dorsal  retractor 
muscular  strand.  The  enteric  tract  passes  posteriorly  and  the  anus  ap- 
pears between  the  sixth  swimming  and  the  seventh  rudimentary  ap- 
pendages. A  pair  of  shell  glands  are  located  anteriorly  to  the  adductor 
muscles.  A  small  duct  passes  dorsally  from  the  gland.  Its  subsequent 
course  was  not  definitely  determined. 

The  cypris  stage,  when  on  the  point  of  transforming  into  the  adult 
form,  settles  on  some  hard  surface.     The   first  antennae  are  extended 
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far  out  from  the  valves  and  the  two  pairs  of  eyespots  are  found  near  the 
ventral  portion  of  the  body.  The  muscles  and  ligaments  that  attach 
these  parts  to  the  valves  are  extended  to  their  fullest  extent.  These  are 
eventually  ruptured  and  the  antenna?  and  the  larger  of  the  two  pairs  of 
eyespots  are  cast  off.  The  remaining  portions  of  the  cypris  are  loosened 
from  the  valves  by  the  kicking  action  of  the  appendages,  and  these  parts 
slip  out  from  the  old  chitinous  layer  that  surrounds  them.  A  gelatinous 
substance  exudes  from  the  body  membrane  at  the  base  or  point  of  at- 
tachment. This  develops  into  the  compartments.  The  number  of  the 
compartments  is  not  clearly  visible  when  they  are  first  layed  down,  but 
they  become  more  distinct  as  the  barnacle  grows.  The  plates  merge  at 
the  base  and  form  a  thin  calcareous  layer  which  lines  the  base  of  the 
barnacle.  The  scuta  and  terga  develop  immediately  above  the  gelatinous 
matrix  of  the  compartments.  In  the  adult  barnacle  the  scuta  and  terga 
are  considerably  below  the  tips  of  the  six  compartments.  This  appears 
to  be  due  to  the  upward  growth  of  the  compartments,  rather  than  to  an 
invagination  of  the  membrane  from  which  the  terga  and  scuta  develop. 
The  rapidly-moving  swimming  appendages  of  the  cypris  stage  have 
transformed  into  slow-moving  food-securing  organs. 

CONCLUSION 

Balanus  crcnatns  Bruguiere  passes  through  eight  nauplius  stages  and 
one  cypris  stage  in  its  development  from  the  egg  to  the  adult  form.  The 
time  necessary  for  this  to  take  place  is  from  two  to  three  weeks. 
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